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PREFACE 

The observation is not new, neither is it unconfirmed by others, 
that there is a diversity of opinion as to \vhat course content should 
be taught in introductory college chemistry, hov.r it should be taught, 
and v/nat materials should be used. The primary contention now seems 
to be to consolidate these diverse opinions and practices and attempt 
to ascertain some order out of the controversies and diversity. 

A few investigations have been directed at determining the objec- 
tives of general college chemistry, the course content of introductory 
college chemistry, and motivation practices in first year college 
0 ^ chemistry. These noteworthy attempts have been meager vdien compared 

to the prolific writing of chemistry educators describing the objec- 
tives and content of courses taught at their respective institutions 
of higher education. The Advisory Council on College Chemistry has 
described a course directed at the university level. The question 
is asked, "Do introductory college chemistry courses directed at 
the university meet \/ith the needs of other institutions of higher 
learning, namely, the liberal arts colleges and the junior colleges?" 
The literature is abundant v/ith articles showing a diversity of teaching 
practices but few solutions are offered. 

Fully cognizant of the damage of oversimplification and distortion 
of meaning, an attempt will here be made to consolidate these previous 

• • 
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v/ritings, suggestions, and reseax’ch findings. This is in order to ob- 
tain a clear cut view of what current objectives, teaching methods, and 
materials are being used in the accredited colleges and universities. 
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A SURVEY OF TEACHING PRACTICES USED INTRODUCTORY COLLEGE 
CHEI^STRY IN ACCREDITED COIIEGES AND UNIVERSITIES 

CHAPTER I 

PROBLEM AND OBJECTIVES 
Statement of the Problem 

The purpose of this survey is to determine the present objectives, 
teaching methods, and materials used in teaching the introductoiy course 
in college chemistry in selected accredited colleges and universities in 
the continental United States. The investigation is directed at current 

m 

objectives, methods, and materials with respect to the various colleges 
and universities. 

Procedure Used in the Study 

The procedure used in the survey was an examination of the teaching 
practices used by instructors in the teaching of introductory college 
chemistry in selected accredited colleges and universities by means of a 
questionnaire. 

Need for the Study 

Many college professors are involved in extensive revision of their 
introductory college chemistry courses.^ The revision activities are di- 
rected toward a redefinition of the scope of undergraduate chemistry 

^Symposium, ’’Recent Trends in Ibdergraduate Chemistry Curricula," 
Journal of Chemical Education , 41 ( 1964 )^ pp. 126 - 147 # 
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training, toward a reformulation of the relationship between chemistry 
and related fields, and toward remodeling of new teaching materials ^d 
introduction of new concepts.^ One consequence of these modifications is 
that no one knows just what the nature of the introductory coUege chemis- 
try is at the present time.^ There are no agreed upon standards of content 
for the introductory college chemistry course and, as a result, local eva- 
luation is difficult.^ Introductory college chemistry teachers must begin 

to think of essential objectives for chemistry and flexibility in evaluating 

5 

whether or not those objectives are being achieved. 

The review of introductory college chemistry course revisions shows, 
in many cases, that the only clues to local and nationwide evaluation of 
the introductory college chemistry courses have been (l) the enthusiasm 
of professors about their own chemistry program and the transmission of 
this exhilaration to the students; (2) the number of students who have sur- 
vived the ministrations; (3) the curriciaar changes that have proved stimu- 
lating to the professors; (4) the consensus of the staff and teaching 
assistants that the new changes are quite effective and deserve approbation 
( 5 ) the students’ enjoyment in doing laboratory experiments and their 
appreciation for and respect of the expensive equipment used; and (6) the 
success of the course revision is judged upon the number of students enter- 
ing chemistry as major fields or being prepared for other professional 
careers which incorporate chemistry as a supporting field. 

^Ibid., p. 126. 

^Robert I. Walter, "The Changing Ciarriculum in Chemistry: Some 

Contemporary Developments," Journal of Chemical Education , kZ (I 965 ), 

p. 524 . 

^Richard G. Yalman, "Chemistry in Liberal Arts Colleges," Journal 
of Chemical Education , 41 (1964) p. 145. 

^Ibid., p. 144 . 
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TiiQ statement of course objectives and the ensuing evaluation schemes 
are particularly individual ones in each college and university. Although 
the educational results obtained at one educational institution may not be 
comparable with the resiilts that have been obtained at another institution, 
the findings from a survey and analysis of the teaching practices in intro- 
ductory college chemistry in the presumption that they could indicate 
trends, coxild bo of value to interested individuals and/or groiQ}s. 

Scope and Limitations of the Survey 

There are approximately 1,636 accredited Institutions of higher 
« 

education that offer introductory college chemistry, but the results of 
this study must be limited to the sample of 351 accredited colleges and 
universities in the continental United States. 

The second limiting factor is that the sample for the survey was 
selected from only those colleges idiich grant chemistry credit in the 
first-year college chemistry course. The survey is concerned with a widely 
dispersed population; and, since many colleges and universities are Involved 
and their courses vary in content and thoroughness, this investigation 
will be specific and directed at selected accredited colleges and univer- 
sities. Any conclusions will be general only in so far as the same con- 
ditions pertain to other colleges as iirere present in the colleges studied. 

Population of the Survey 

The population for this study consists of 351 accredited institutions 
of higher education. The investigator found that several institutions 
have either replaced introductory college chemistry with a course in 
Science Fundamentals or have replaced it vfith a multidiversity science 
course. In some instances, the introductory college chemistry course has 
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become an integral part of a comprehensive physical science course. For 
the purpose of this survey, only courses in introductory college chemistry 
v/hich specifically carry credit in chemistry were considered. Courses in 
the philosophy of science, fundamentals of science, and chemistry courses 
designed specifically for non-science majors are not included in the 
survey. 

Definitions and Interpretations 

The Critical Ratio (t-test) is a statistical measure used to deter- 
mine whether a real difference exists in a particular trait between two 
comparable groups. It is obtained by dividing the difference between the 
means of the groups of those traits by the standard error of difference 
between the means. 

The Standard Error of Difference Between the Means is obtained by 
dividing the standard deviation from the mean of the college enrollment 
by the square root of the number of colleges in a given strata. 

The Stratified Random Sample is achieved whenever a population, 
such as the total number of colleges, is divided into subgroups and some 
kind of random sample is taken in each group. 

Strata is the subgroup from which the random sample is drawn. 

Stratification is the process of dividing the population into groups. 

Method of Optimum Allocation is the allocation of sample size in 
the respective strata for a fixed total sample size when the sampling 
variance is minimum. If previous information is available for approxi- 
mating both the size of the strata and the variances of the characteristics 
within the strata, it is possible to allocate sample units among the strata. 

Optimum Allocation concerns the choice of the sample sizes in the 
respective strata. Optimum allocation states that the sample size in a 
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stratum should be proportional to the product of the size of the stratum 
and the standard deviaidon of the stratum, or in other words that the 
sampling fraction should be proportional to the standard deviation. The 
allocation of sample size in the respective strata is said to be 
for a fixed total sample size when the sampling variance is minimum. 

Trend may be considered as a general prevailing movement, changing 
in a specific and indicated direction, and thus reflecting a recognizable 
change of tendency or emphasis. 

Accredited Institutions are those institutions of higher education 
in the continental United States that are accredited by the nation *s six 
regional associations of schools and colleges as listed on page vii of 
the Accredited Institutions of Higher Education , September , 19^7 f American 
Council on Higher Education, Washington, D. C. 

Introductory College Chemistry refers to the first-year college 
chemistry course irjhich receives credit imder the title •'chemistry” and 
meets the prerequisite requirement for further chemistry courses in a 
college curriculum. 
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CHAPTER II 



REVIEW OF THE LITERATURE 
Introduction 

This chapter contains ideas and information obtained from reviewing 

the literature— research and theoretical — relevant to the proposed study. 

Specifically, the investigator will principally show the diversity of 

opinion among the professional chemistry educators that have implicitly 

permeated the teaching of the first-year college chemistry course (the 

introductory college chemistry course) and the history of that diversity. 

Although several investigations have been directed^ at determining 

the objectives of the introductory course in college chemistry, several 

surveys have attempted to delineate the course content in introductory 

7 S 

college chemistry; ^ and a few educators have attempted to describe moti- 

g 

vation practices' in general college chemistry. According to the titles 
of articles and abstracts in the Journal of Chemical Education . Chemical 
Abstracts . Education Index , and Dissertation Abstracts . there have been 
no surveys published that combine the aforementioned investigations and 

6 

Otto M. Smith, "Accepted Objectives in the Teaching of General 
College Chemistry," Journal of Chemical Education . 12 (1935) p. 182. 

7 

H. J, Nechamkin, "The Course Content of General Chemistry," Journal 
of Chemical Education . 38 (1961) p. 255. 

g 

Jay A. Young, "The Content of the First Course in College Chemistry, 
Journal of Chemical Education, ^ (1964) pp. 477-478. 

Robert K. Summerbell, "The Excitement of Experiment," Journal of 
Chemical Education . 41 (1964) p. 126. 
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the teaching practices used in the introductory college chemistry course. 

The findings and conclusions of these investigations have been meager 
when compared to the numerous writings of the professional chemistry edu- 
cators either in their individual descriptions of their own respective 
chemistry curriculum or the expoimdings of their ov/n personal satisfaction 
or dissatisfaction in regard to course objectives and the ensuing criti- 
cisms in regard to their own course and/or student evaluation,^^ In general, 
these writings and survey findings are inherent of one common ingredient; 
they either show a controversy or express a diversity of opinion among the 
professors of chemistry. The diversity of opinion among the members of 
the chemistry profession as to selection of what course content should be 
taught in introductory college chemistry, how and in what sequence these 
concepts should be taught, and what supplementary materials should be 
used is not new; neither is it unconfirmed by others,^ One major question 
which has emerged from the variation and diversity is, "Do introductory 
college chemistiy courses designed at the university level meet the needs 
of other institutions of higher education, namely the liberal arts col- 
leges? An answer to this question is imperative since the Advisory 
Council on College Chemistry has shoi'jn statistics that indicate a transfer 
of 25 percent of tv/o-year college students to either universities or four- 
year institutions,^^ The current revision activities with resultant 

"Recent Trends in Iftidergraduate Chemistry Curricula," p, 126, 

^^Edv/ard L, Haenisch, ed,, T^ Content of Introductory College 
Chemistry , Wabash College, Indiana: Advisory Council on College Chemistry, 

December, 1954^ p* 5* 

^Nelson McKain, Jr,, "Rigor or Breadth for Freshmen," Chemical and 
Engineering News , 42 , March 23, 1964^ P* 4» 

^%aenisch, p, 5* 
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emphasis on the individual practices and opinions of individual educators 
and/or individual institutions regarding the nature and characteristics of 
what these educators think the introductory college course should be have 
resulted in so many various and uncorrelated curricula changes. Some of 
the college educators believe that the revision activities are being re- 
directed toward a redefinition of the scope of the undergraduate chemistry 
training, toward a reformulation between chemistry and related fields, and 
toward a remodeling of new teaching materials and the resulting introduc- 
tion of new concepts,^ Others feel that the consequence of these course 
modifications is such that no one really knows just what the nature of the 
introductory course in college chemistry is at present, Furthermore, 
there are no agreed upon standards of content for the introductory college 
chemistry course and, as a result, local and/or national evaluation is 
difficult,^^ The investigator believes that the evidence warrants, in part 
characterization of the situation by saying that the professional chemistry 
educators do not know what they really want to do in introductory college 
chemistry, 

Althoiigh first-year college chemistry courses have been described in 
the literature as ranging in content from largely descriptive to largely 
theoretical, the material presently being taught probably is determined by 
current textbooks. The point is that when defining just what is the basic 
content to introductory college chemistry, the inclusion of non-traditional 
topics which modem chemistry texts has incorporated makes formulating a 
curriculum extremely difficult. For example, should classical concepts 

^"Recent Trends in Undergraduate Chemistry Curricula," pp, 126-147* 
15ualter, p. 524. 

16 



Talman, p, 145* 
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be dropped in favor of a theoretical approach based on non-traditional 
topics and the like? Many industrial chemists say that today’s bachelor 
degree chemist lack a good knowledge of descriptive chemistry. VJhat 
about descriptive chemistry and the amount of descriptive chemistry in 
general college chemistry? 

The evaluation schemes previously described on pages two and three 
compound rather tlian alleviate the decision regarding the choice of con- 
tent and iiethod of presentation, whether it be descriptive, theoretical, 
or combination, by being too illusive and vague, A direct implication cf 
some chemistry educators is that it is time the teaching profession began 
to think of essential objectives for chemistry and tiy to develop some 

specific methods in evaluating whether or not these stated objectives 

/ 

have been achieved. The development of course practices has been so 
numerous and the differences of opinion so varied that the Advisory Council 
on College Chemistry (AC3) has held conferences to study content of fresh- 
man chemistry courses, AC3 has also been studying some of the other 
major problems confronting introductory college chemistry professors. The 
Council, at present, is seeking ansivers to the following questions: 

(1) 't'Jhat science, if any, should be taught nonscience majors? 

(2) VJhat topics should be taught to chemistry majors? 

(3) I'^iat new teaching aids, if any, will combat successfully 
the onslaught of increasing enrollments? 

(4) Should freshman chemistry courses be redesigned along broad 
topical lines such as dynamics, structure, and synthesis? . 

(5) IJhat is the future role of liberal arts colleges and junior 
colleges in chemical education?^° 

None of these questions has been fully ansi-jered, but some of the AC3 Council 
members have expressed guarded optimism that partial answers are now available, 

17 '’Airline House: Airing Needs," Chemical Engineering News, . 

October 14, 19^8, p. 4^, 

i^ibid., p. 144. 

I911AC3 Zeros in on Chemical Education, " Chemical and Engineering Hews , 
August 1, 1%6, pp, 40-41* 
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The pi'osent era is also characterissed by a plea for an analysis of 
first -year college chesaistry teaching practices . In addition to 
aims and objectives, the teaeliing methods cnid materials used in the begin- 
ning college chGudstry covu*se3 have been, and are, a matter of concern. 
Interestingly enough, however, the objective surveys in tliis field of 
investigation have been few, and these have been open to criticism. 

Probably the only consistency in the replies to the question, "I'.Tiat 
are you doing in the first-year chemistry course?” is the universal dis- 
satisfaction 7dth what has been done and the variety in the proposals 
tried or planned in the near future. Perhaps the present concern for 
an analysis of teaching practices as well as course objectives and evaliia- 
tion emanates from the variety of programs being implemented at each 
individual university or college. 

Historical Background 

At the beginning of the nineteenth century, introductory college 
chemistry v/as taught by a combination of textbook readings and didactic 
instruction. Lectures on college chemistry in the United States were 
given at Amherst, Brovm, Harvard, Rensselaer, West Point, and other col- 
leges and universities.^ A v/idely distributed textbook designed to 

2%illiam C. Ifergan, ’'Symposium: I'fhat Are Our Objectives Teaching 
Chemistry?” Journal of Chemical Education , 2 (1925) PP» 971-975* 

^%alman, p. 142. 

^^laurence E, Strong, "College Chemist ly — The Road to Nonsense or 
Science, " Chemical and Engineering News, 43.^ February 22, 1965, p* 128. 

^^"Editorially Speaking, " Journal of Chemical Education, 41 (1964) 
p. 115. 

^Frederick Rudolph, The American College and University , New York: 
Vintage Books, 1962, pp. 222-223, 225, 227, 229-231. 
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accompany these lectures was edited by Jolm M, Webster, Erving Professor 
of Chemistry and Mineralo^ at Harvard. His lectures and textbooks were 
typical of the time and covered the entire range of chemical knoi'/ledge 
including Baton's atomic theory, laws of definite and multiple proportions, 
equivalent iveights, the chemistry of the elements, organic, physiological 
and analytical chemistry.^5 

In the years following the Civil War, a force appeared ©n the Ameri- 
can collegiate scene that revolutionized instruction of first-year college 
chemistry. The outgrowth of the return of a large number of American 
students from German universities caused a very noteworthy change — ^the 
introduction of laboratory work to accompany the lecture and the textbook,^® 
The typical procedure which evolved v/as to teach first-year college chem- 
istiy by a combination of laboratory work, textbook and didactic instruction 
carried on simultaneously, with at least one half of the time devoted to 
laboratory virork. Woodbum and Obourn^^ have characterized the textbooks 
of this post Civil War period to be organized around the logic of subject 
with practically no attention devoted to the psychology of learning. 

PhllosophicaiLly, there was evidence early in the post Civil War 
period indicate that a few educators were shifting from the theoretical 
and factual method of teaching to the inductive or experimental method of 
teaching. Evidence of this trend was found in the preface of the Elemen- 
tary Manual of Chemistry , 1872, by Eliot and Storer. They favored the 
experimental and inductive method to teaching chemistry when they wrote: 

^%alman, p. 142. 

0. Prank, The Teaching of High School Chemistry , Oshkosh, 
Wisconsin: J. 0. Franks and Sons, 1932, p. 8. 

^7 John Woodbum and Ellsworth S. Oboum, Teaching the Pursuit of 
Science . Mew York: MacMillan Company, 1965, p* 194. 
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The authors object is to facilitate the learning of chem- 
istry by the experimental and inductive method, to develop 
and discipline the observing faculties 

Later, Storer and Lindsley reinforced the view that chemistry should be 

taught by the experimental and inductive method by stating: 

The st\:dent acquaints himself with facts and principles 
through attentive use of his own perceptive faculties.29 

The emphasis on the experimental method of teaching was soon to 

change, however. Toward the end of the last decade of the nineteenth 

century, there were some evidences of a general distrust of the inductive 

method as shovm in the forthcoming comments of Carhart and Chute when 

they wrote : 

A few years ago it seemed necessary to urge upon teachers 
the adoption of laboratory methods to illustrate iihe text- 
books; *n a few instances it would seem almost necessary to 
urge the use of a textbook to render intelligible the chaotic 
work of the laboratoiy,,,,,the pupil should be kept in his 
c^sswork well ahead of the subjects forming the basis of 
his laboratory experiments,^^ 

A Survey of the History of the Controversy in 
Introductory College Chemistry 

This ensuing controversy over the laboratory objectives and the se- 
quence order of experiments idien placed in juxtaposition v/ith textbook con- 
tent appears to have set the stage for a controversy regarding differences 
in opinion over course objectives and course content. An objective appraisal 



^ ^ ^%llot ^d Storer, in Woddburn and Oboum, Teaching the Pursuit of 
Science , New York: MacMillan Company, 1965, p, 192, 

^^storer and Lindsley in J, D, Steele, Fourteen Weeks in Chemistry , 
New York: A, S, Barnes and Company, 1873, 

^^Carhart and Chute, in Woodbum and Oboum, Teaching the Pursuit 
Science , New York: MacMillan Company, 1965, p, 193, 
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of the period from 1872-1900 wDuld have to acknowledge a genuine attempt 
to upgrade the teaching of chemistry through the improvement of laboratory 
xiTOrk. This circumscribing thought, coupled with the cited charge of Wood- 
burn and Oboum^^ that the introductory college curriculum in the closing 
years of the last decade of the nineteenth century had resulted in authori- 
tarian teaching by deductive methods, probably is indicative of a new era 
in the psychological and pedagogical position as to the teaching of intro- 
ductory college chemistry. This trend is also further exemplified by 
Yalman's assertion that chemical education, around 1910, was following 
classical lines; i.e,, as the body of knowledge increased, systematic 
branches of chemistry appeared and so did the proliferation of chemistry 

courses, 32 

Prior to and succeeding World War I, forces began to emerge which 
caused the chemistry professors to shift their chemistry offeringv'j to meet 
new demands. According to Merwin,^3 these influential forces were the 
seven cardinal principles of secondary education, 1918,^^ the final report 
of the Committee on Sciences of the Coimnission on the Reorganization of 
Secondary Education, 1920,35 and Frederick J. Kelley's study of the liberal 
arts colleges, 36 The Seven Cardinal Principles listed objectives of 

^^oodbum and Oboum, p, 194. 

^^alman, p, 143. 

33b, " v/, Jferwin, "Development of the Curriculum in College Chemistry," 
Journal of Chemical Education . 12 (1935)> p. 543. 

3 4cardinal Principles of Secondary Education . Bulletin No, 35. 
Washington: Department of Interior, Bureau of Education, 191^* 

35otis W, Caldwell and Committee, Report of the Subcommittee on the 
Teaching of Science . Bulletin No, 26, Washington: U, S, Bureau of Edu- 

cation, 1920 , pp, 12-13. 

^^alman, p. 143. 
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education and the Committee on Sciences endorsed and recommended general 
chemistry for various curricula. Kelley's study called attention to the 
need for definite aims and made some suggestions, which in some cases, at 
least, appear to have stimulated and served as guides for the selection 
of additional courses in freshman chemistry. The comibined influences of 
these forces produced a strong shift to the practical, the usefifL, in all 
school subjects; and an attempt was made to offer those subjects that id.ll 
best fit the student for life in his community. First-year college chem- 
istry courses and specialized chemistry courses were recommended for 
varioixs curricula such as household chemistry and industrial chemistry. 

The first-year college cheiaistry course, as a result of these forces, was 
considerably modified. The time devoted to laboratory was lessened and 

m 

the time allotted for demonstration work was increased, while the disci- 
plinary aim became the preparation of a student for life in the community 
in which he lived. ^*7 Professors directed their attention to pressing 
problems which were the results of the forces mentioned above compounded 
with the interest of a few to retain the inductive methodology. One of 
the most controversial areas, at that time, was the subject of correlation 
of high school and college chemistry. The criticisms became so numerous 
that the American Chemical Society appointed a Committee on Chemical 
Education to study the correlation of high school and college chemistry. 

In addition, another controversy developed from the issues resulting from 
pedagogical practices in laboratory work — the individual laboratory versus 
the demonstration laboratory. In spite of these ramifications, the plea 
for objectives did not svibside. 

^*^Ibid. 

3%, L. Cooke, "Demonstration Versus Laboratory Once Again," Journal 
of Chemical Education. 15 (193S) p. 592. 
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Objectives of General Chemistry- 

One of the most controversial areas of conflict among the chemistry 
educators is concerned with objectives, both local and national. Chemis- 
try professors have always bad objectives in chemical education, whether 
good or bad. These objectives are stated in textbooks, syllabi, curriculum 
guides, symposia, and suggestions of the Advisory Council on College Chem- 
istry. The general objectives usually include statements to the effect 
that the student is to gain an understanding of the fundamental concepts 
of chemistry; the student is to increase in the ability to think critically: 
and the student is to understand relations betii/een chemistry and society. 
These objectives sound good, but do they really provide a direction to what 
students need to do? Objectives need more specific outcomes. "To gain an 
understanding of the fundamental concepts of chemistry" is much too vague. 
Objectives should imply teaching processes and methods of evaluation.^9 
The e-vidence is far from conclusive that chemical educators have alluded 
to any ground rules or frame of reference when discussing or making pleas 
for course objectives. Perhaps the renewed concern for objectives, as well 
as aims, emanated from the controversy ovov correlation of course content 
and the selection of laboratory methods. The groxdng concern for estab- 
lishing specific objectives in general college chemistry vras reflected by 
William C. Morgan, in 1925 ^ in his introductory speech to a symposium en- 
titled, "What Are Our Objectives in Teaching Chemistry?" Morgan further 
exemplified the controversy and literally took the college chemistry teacher 

to task by stating: 

39Earl T. Mbntaque and David P; Butts, "Behavioral Objectives," 

The Science Teacher, 35 , March, 1968, pp. 33-35 • 
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John De^-/ey, one of the greatest educators the v/orld has ever 
produced, has repeatedly stated that science offers nothing 
so valuable to mankind as a knowledge and appreciation of 
the scientific method# In one of the most significant books 
that have been published in recent years, James Harvey 
Robinson maintains that rational thinlcLng (or the scientific 
method) has contributed more to the advancement of mankind 
than all other human efforts put together, and that nothing 
is now so important in education as a knowledge of its past 
accomplishments and future possibilities. Yet in the report 
of ”A Standard Minimum High-School Course in Chemistry" 
there is no mention of the scientific method. Apparently. 

"a prophet is not iidthout honor save in his ov/n country, 

In his concluding remarks, Morgan issued the folloid.ng challenge: 

What are vre trying to do in teaching chemistry? Shall we 
endeavor to make of the minds of our students depositories 
of information in ifnich the moth of forgetfulness and the 
rust of disuse will corrupt the facts? Shall we not teach 
them rather to know books and use libraries which v/ill in 
time of need furnish them with exact information in a thousand- 
fold greater abundance than any one mind can comprehend? Shall 
xve not strive to develop mental laboratories and teach the use 
of their equipment so that every last one of our students may 
realize the value of evidence and to some extent how to obtain 
it?^l 



The same year, C, H, Desch also expressed a similar view of the purpose of 
general chemistry when he remarked: 

Chemistry is an experimental science which progresses by the 
application of a definite discipline, obtaining conclusions 
by induction from the observed facts and making use of deduc- 
tion from a small number of well-tried liypotheses where re- 
quired, 

Apparently, two more prophets were without honor in their own coun- 
tries, Other professors tried to redirect chemical educators back to a 
statement of objectives. The emphasis had shifted away from course objec- 
tives to the subjects of correlation of high school and college chemistry 
and the content of general college chemistry, the controversy regarding the 



^%organ, p, 971. 
p. 975. 

H. Dssoh, "The Discipline of Chemistry," Nature, ll6 (1925) 

pp. 504 - 505 . 
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contributions of high school chemistry toward success in the college chem- 
istry course, and the debate on v/hich method of laboratory instruction is 
needed in introductory college chemistry. An attempt v/as made by W. A, 
Noyes, Jr., to consolidate objectives and course content when he e^^ressed 
concern for the quality of the chemistry graduate by writing: 

The lack of properly trained chemists is due to first, the 
scheme of training, second, to the type of teacher too com- 
monly found in our colleges and finally, the low and uncertain 
standards of a large number of our schools. ...More objective 
standards are needed that they may be more uniformly applied 
throughout our systems of colleges. ^3 

The neglect of course objectives was only transient, however. Otto M. 

Smith, Oklahoma State University, 1935 > redirected the chemistry educators 

back to the importance of coiJirse objectives when he wrote: 

m 

It was felt that the desirable content of general chemistry was 
sufficiently covered by the Committee on the Correlation of 
High-School and College Chemistry in their list of topics for 
a minimu m high-school course in chemistry. The attention of 
the committee was directed toward other objectives, in reality 
more important. It was thought that it is not primarily the 
mastery of the subject matter but the ability to meet situations 
and to solve them that constitutes the more valuable training 
the student receives.^ 

Smith supplied a questionnaire which contained a preselected list of 
proposed objectives to be rated according to a scale ranging from "most im- 
portant" or "an essential aim" to "incorrect, not an aim under any condi- 
tion." This research was an attempt to classify the accepted objectives 
under the seven cardinal principles of secondary education. Considering 
a return of sixty-six percent to indicate the proposed objective to be 
generally accepted as such. Smith’s findings were summarized as follows: 



^3w, A. Noyes, Jr., "Training the Chemist — ^A Critical Survey," 
Chemistry Bulletin , 12 (1925) pp# 67~6B. 



^'Smith, pp. 180-1S3. 
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(l) A study of chemistry should provide the individual 
■with a broad and genuine appreciation and iinder- 
standing of the chemical aspects of the universe; 
of the place of chemistry among the sciences; and 
of what the developments in chemistry mean in modem 
social and industrial life (good citizenship)# 

(ll) A study of chemistry should provide an opportunity 
for the acquisition: of experiences in the use ^ and 

the knovfledge of the scientific method of thinking^ 
using chemical problems; of a knowledge of natural 
laws, important principles and facts; of the ability 
to draw and to apply important principles; and of 
some skill in laboratory manipulation. 

(ill) A study of chemistry should provide an opportunity 
for the individual to determine his interests and 
aptitudes in chemistry as a vocation.^5 

The need for delineation of purposes of instruction in introductory 
college chemistry was recognized in 1941 by the Committee on the Improve- 
ment of Science Instruction for purposes of General Education, a special 
committee of the American Association for the Advancement of Science on 
the Improvement of Science Teaching in Colleges and Universities, when 
L, W, Taylor, chairman of the committee, advanced the follov/ing statement: 

A relatively small number of the students who enter the intro- 
ductory course in college chemistry continue their study in more 
advanced courses. A larger group of students take the coxirse 
in order to meet certain requirements and still another group 
take the course solely for its contribution to their general^ 
education. The assumption has usually been made that essentially 
the same type of intorductory chemistry course meets the ^ needs 
of these different groups of students. One of the questions of 
general concern which this committee believes should be studied 
may be phrased as follows: Does the conventional introductory 

college course in chemistry through its content and method of 
instruction make a larger contribution to the education of those 
students who do not continue the study of the subject than would 
be possible in a different type of course ?4o 



45ibid, 

^L. W. Taylor, Chaiiman, et. al. , "Chemistry Instruction for 
Pur-poses of General Education, " Journal of Chemical Education^ 1^ (1941) 

p. 11. 
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i A questionnaire vras sent to approximately 500 colleges and univer- 

sities to ascertain the purposes of instruction in introductory college 
chemistry courses designed for non-science majors. The survey findings 
gave sufficient evidence to suggest a separate introductory chemistry course 
for non-science majors. The survey findings also reflected the point of 
view that the majority of those professors who teach an introductory course 
designed for both science majors and non-science majors feel that this 
course is, in general, unsatisfactory for the non-specialized student. The 
respondents believed that this regular course could be significantly im- 
proved for the non-specialized student, but they also expressed the fear 
that modification of the regular course may lead to superficial results 
for the specializing student. Instructors felt that an additional general 
chemistry course should be offered, but not the type commonly knoim as a 

V ) 

physical science survey. 

B. Clifford Hendricks, University of Nebraska, in 1942, concurred 
i/ith the findings of Taylorj but he voiced strong opposition to some of 
the objectives listed in the survey findings of smith when he presented 
the following argument: 

Some time ago a set of objectives was compiled which was 
approved by a representative group of college teachers of 
chemistry. This approval was probably given in the hope 
that such objectives, when achieved, would lead to successful 
work on the parts of students in subsequent courses. 

Such an assumption, that success in one course is indicated 
by a good record in a subsequent one, is erroneous in tv/o 
particulars. It overlooks the fact that probably more than 
Hfty percent of those students in service courses •will never 
take any more chemistry and second, it assumes the doubtful 
inference that the greatest good to this group of students 
comes from remembering the understanding the technical intri- 
cacies of general chemistry. It is vjith this second assump- 
, I tion that professional schools take issue. 



Clifford Hendricks, University of Nebraska, "The Varied Objec- 
tives in Service CoTirses in General Chemistry, " Journal of C hemical Educa- 
tion . 12 (1942) pp. 265-266. 
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This controversy v.»as further e^cbended by Hendricks’ assertion that 
professional schools are really quite serious in their endeavor to have 
chemistry taught their students which will contribute to professional suc- 
cess rather than to high attainment in pure chemistry. Among the inferences 
of the preceding comments, the present investigator detected the Hendricks 
notion that ©ae introductory college chemistry course v^as not sufficient. 

A subjective but comprehensive description of the objectives of gen- 
eral chemistry and an indirect suggestive implication of agreement with 
Hendricks was vividly voiced by Hubert N, Alyea, Princeton University: 

We are chemists by profession because we are experimentalists 
by nature, and because some years ago we vrere students, our 
chemistry teachers \d.sely encouraged us in experimental re- 
search and ;^re liked it. 

It is our duty, in turn, to imbue the next generation of 
young men with the understanding and spirit of research; 
and that, I believe, is the prime junction of the general 
chemistry course .4Q 

Alyea characterized research as being composed of three integral parts; 

(l) curiosity (2) fact finding and the acquisition of knowledge and 

(3) critical judgment. In summation, Alyea explained the function of 

introductory college chemistry: 

The relative emphasis on these three items depends naturally 
upon the particular course and its relation to the subsequent 
programs of the student. By electing the advanced general 
chemistry courses, the student has already indicated his 
scientific bent and his stimulated curiosity so that a funda- 
mental training in advanced inorganic chemistry and the exer- 
cising of sound judgment is prescribed. On the other hand, 
for the beginner who will probably not continue in chemistry, 
curiosity and judgaent are paramount, while knowledge is 
merely of transient importance 



^%ubert N. Alyea, "The Function of General Chemistry," Journal of 
Chemj.cal Education . 3^ (1942) pp. 309-3.10. 

^^Ibid., p. 310. 
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C, S, Adams, Antioch College, 1943, in revie'iving the literature of 
laboratory objectives, developed a reservation regarding lack of research 
by college professors in regard to laboratory objectives and pedagogical 
practices. He shovred that out of fifty literature references related to 
methods of laboratory instruction, covering a period of over thirty years, 
only five \iere applied to college classes, The resiilts of Adams* ques- 
tionnaire and a similar study by Leonard F, Sheerer indicated the acceptance 
of the following as the objectives of general college chemistry laboratory 
work: 



(a) develop the ability to make observations, interpret and 
draw conclusions from observed facts, 

(b) develop the ability to use simple scientific instruments 
and manipulate apparatus, 

(c) develop the ability to keep or record and write a satis- 
factory report, 

(d) develop the attitude of drawing conclusions only from 
observable or acceptable data, 

(e) develop the habits of accuracy, honesty, self-reliance, 
cleanliness, and orderliness in laboratory, 

(f) satisfy the student *s curiosity and provide experience 
to develop latent interests, 

(g) provide opportunity for instruction,^^ 

The results of Adams’ questionnaire gave ample truth that the teachers 
of general college chemistry were interested in new and improved testing 
devices, particularly as these related to laboratory achievement, Adams 
succinctly stated the status of the laboratory objectives in 1943 vdien he 
wrote: 



Very little progress has been made in developing adequate 
devices for measuring the achievement of the accepted 
objectives of laboratory work in general chemistry, other 



S, Adams, "The Importance of Laboratory Work in General Chemistry 
at the College Level," Journal of Chemical Education , 20 (1943) pp* 266-270, 

^^Leonard F, Sheerer, in Adams, "The Importance of Laboratory Work 
in General Chemistry at the College Level, " Journal of Chemical Education , 

20 (1943) p. 266, 



than the acquisition of taowledge. The Paper-®d~penoil 
measures of chemistry laboratory achievement 
far been devised fail to show consistent or marked diffe^ 
eneos among the several methods of laboratory instruct 



PerfoMance tests, such as those reported by E. 0. Smith Mid 
his staff, have produced encouraging result® A ^ 

some of the laboratory objactivss. Other studies 
particularly on the part of ooUages and 

L oixier to obtain otatistio^y significant results so mpor- 
tant in investigations of this kind. 

A survey of the literature since 1943 ehows only a fei^ articles di- 
rected tox'jard objectives and/or evaluation. The collective and annual 



indices of the Journal of Chemical BducaW^, with few ^captions, has 
deleted the references and cross references to objectives, namely the 
words objectives , aims, ^d collater al ynlaes. Nevertheless, many indivi- 
duals, in discussing their respective chemistry curricula, have emphasiaed 
the need for both local smd natiomd.de objectives. Jay A. Young reinforced 
Adams « request by offering constructive assistance when he formulated a 
new sot of laboratory objectives. Young is of the opinion that the 
laboratory objectives currently found in the prefaces of many lab manuals 
are of limited value. The criteria offered by Young, in reality, are modi- 
fications of the old objectives stated in behavioral terms on such a manner 
as to enhance and sharpen thinlcing. His opinions of the purposes of the 
laboratory and the ensuing criterion is not unlike the behavioral objec- 
tives of Montaque and Butts described on page 15. Indirectly, L. K. 

Nash^^ and the Advisory Council on CoUege Chemistry55 have implied the 



52lbid^, p. 269. 

53 Jay A. Young, "The Educational Use of Data—Chall^© in the Lab- 
oratory," Journal of Ch@iical Education , ^ (1966) pp. 120-123. 

K. Nash, "Boundary Conditions," Journal of Chemical Education, 
41 (1964) p. 36B. 

^^Haenisch, pp. 2-3. 
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need for objectives and methods of evaluation in their criteria for inclu- 
sion of a topic in introductory college chema.otry described on pages 35 
and 36 . 

At pi*esent, there are almost as nmiy sets of objectives as thei'e are 
chemists interested in the freshman course hov,^ver, several objectives, 
both for science and nonscience majors keep appearing in various forms. 
They are: 

( 1 ) Enthusiasm and interest in chemistry as an experimental 
science should be aroused by making the i^rk intellec- 
tually stimulating and allo^dng the student to enjoy the 
laboratory experience within the limits imposed by safety 
considerations . 

( 2 ) The student should realize th© nature of chemistry as an 
experimental science, concerned vdth trying to describe 
accurately what is happening when changes occur and then 
explain how and why these changes ts^e place. . 

( 3 ) There should be a maximum development in each student 

of his pov;ers of observation and reason. He should under- 
stand and feel he is a part of the procedure of obser- 
vation, generalization, and verification. 

(4) The chemistry major, in particular, should acqud.re knoxir- 
ledgo of certain techniques and manual facility in 
handling some scientific instruments. 

( 5 ) The laboratory shoiold illustrate and reinforce the lecture. 57 

A few moments of deliberation give one the feeling that he is in a 
time machine which is ojperating in reverse. These objectives appear to 
be the reworded phrases of Adams and Sheerer referred to on page 20. The 
inherent problem, therefore, does not appear to be a statement of purposes 
but a development of teaching procedures to meet these goals. 



The Content of Introductory College Chemistry 
Apparently, the forces that i-jere responsible for the unanimity of 
opinion regarding introductory college chemistry course objectives during 

56ibid., p. 18. 
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the period 1918-1943 also contributed to a parallel controversy in regard 
to course content and the choice and sequence of topics. Although, in 1%!, 
there more or less consensus regarding topics to be covered in a first- 
year college chemistry coui'se, the sequence of topics v/as a problem i-Mch 
required some thought before a definite plaii could be formulated. Valuable 
assistance \ms offered by Joseph A, Babor, College of the City of New 
York, in 1942, when he listed the following selection guidelines to a 
choice of topics for inclusion in a general chemistry course: 

(1) What is the objective of the course in general chemistry 
in a particular college? 

(2) Another consideration which should influence the choice 
and sequence of topics is the previous preparation of 
the student, 

(3) The course may be designed to meet the requirements of 

two groups of students: those who intend to go on an 

chemistry and those who do not.^® 

Babor felt that a course based on criteria (2) above must be organized in 

such a manner that the choice and sequence of topics v/ill provide basic 

principles, applications and sufficient theory to satisfy a chemistry major 

and not too much to discourage the art student, 

Horace G, Deming, in 1948, issued a challenge to fer*.ow educators by 

suggesting a pedagogical maneuver to challenge the voluminous increase in 

content and the resulting increase in size of textbook by remarldng: 

It is better to treat a few topics in such a marnier that 
students learn to thinly rather than range over many topics 
in a superficial T\^ay, , , , . So the way to future progress 
seems to lie in more thought on the part, of college instruc- 
tors about goals and purposes, 59 



58jQQQpj^ Babor, "The Sequence of Topics in General Chemistry," 
Journal of Chemical Education, 19 (1940) pp, 263-264# 

59Horace G, Deming, "Guinea Pigs in the Classroom, " Journal of 
Chemical Education , 2^ vl948) pp. 445-449# 
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In reinforcing the views of Demlng and also in answering the question, 

"I'/liat shall leave out of general chemistry courses?" J. A, Shotton advo- 
cated a negative approach to the topic selection criteria of Babor and gave 
the follox-dng conslusions v/hich v/ere the results of a general chemistry 
rvorkshop: 

No general agreement v;as reached, but the folloidng criteria 

to aid a teacher in deciding what he should leave out were 

evolved: 

(1) can the ideas be taught and learned? 

( 2 ) are teaching content or methods of chemistry? 

( 3 ) are they needed to keep the course accredited? 

( 4 ) are they needed as professional training? 

( 5 ) are they of local importance? 

(6) are they needed for everyday living?®^ 

The vK)rkshop shox^d that the controversy is further exemplofied by the 
other problems of general chemistry. Tliese irore and still are (l) vrhy is 

m 

it difficult to obtain agreement on what is fundamental? (2) how many 
general chemistry courses must we teach? (3) do students have difficulty 
i/dth the concept of chemistry becs.use of difficulty vdth arithmetic, or 
not being able to derive the correct mental picture? Implicitly permeating 
the statements of goals and objectives of the post World War II era is the 
demand for critical thinldng. Deiid.ng and Shotton were of the opinion that 
the general objective of chemistry is to encourage the student to thinlc 
critically. 

Admitting conjecture in part, Karol J. 1-fysels and Charles S, Copeland, 
University of South Carolina, surmised that the overall content of a begin- 
ning course in college chemistry is rather vrell defined by the required 

A. Shotton, "A General Chemistry Workshop, " Journal of Chemical 
Education , 27 (1950) pp. 6l9”621. 

^%arol J, Mysels and Charles S, Copeland, "The Sequence of Topics 
in a Beginners' Course," Journal of Chemical Education , 2B (1951) PP* 163-167. 
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or traditional curriculum and generally a,ccepted as such; the point of con- 
tention being that the point of view of the instructor is reflected in the 
sequence in wiiich topics are presented and the approach that is used in the 
topic presentation* These authors were of the opinion that this is an in- 
herent pedagogical vjeaioiess which could be strengthened by a ca.x'‘eful selec- 
tion of sequence of topics. Their criteria for inclusion of a topic in 
frashman chemistry, different in point of view from that of Babor, vras 
offered partitively: 

The ultimate goal would be for the student not to depend 
upon the instructor’s irork except for a. limited number of 
statements of fact. To s.pproach this goal it is necessary 
to proceed from the simple and familiar to the more com- 
plicated £uid less familiar. This tends to give the stu- 
dent a continuous grasp of the material and allows him to 
follow the reasoning better at each step. There is also a 
general extension of the range of phenomena directly ob- 
servable by means id.thin the students grasp. In other 
words, a good basis should be firmly laid at each point 
before pi'oceeding to the next. Finally, T^r0 feel that 
related phenomena shouM be grouped together, both for 
each of learning and as an illustration of the generality 
of the principle involved.®^ 

Philip J. Elving offered a somewhat diffea^ent "view than that of Babor 
snd I^sels, when he e2q>ressed the opinion that the order in which descrip- 
tive topics are introduced varies greatly and is perhaps immaterial so long 
as some logical pattern is followed. Elving also felt that the amount of 
time that is devoted to the various descriptive topics should be an indivi- 
dual professor choice which is directly dependent upon teacher and student 
interest . 63 



^^Ibid., p. 167. 
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John E* Cavelti,^^ Allegheny College, in 1943, supported a somewhat 

different approach than previous vjriters when he not only discussed the 

selection of content but gave specific examples to support his suggestions. 

Cavelti was convinced that the first need is a careful consideration of the 

content of the courses in the chemistry curriculiM, correlated with a view 

to simplification, with an emphasis on fundamentals in each course, and a 

real integration of courses so that the graduate will not only be familiar 

with developments in all important fields, but will also be confidently 

grounded in the fundamentals of science. Cavelti advocated a structural 

method for selecting course content by stating the follovdng points: 

Decisions as to the proper content of an elementary course 
are always difficult, and especially so in smaller institu- 
tions, whei’6, of necessity, students with different aims 
must be taught together. Obviously, those things must be 
included vfhich the sti^dent who will take no further courses 
in chemistry may reasonably be e:jqD8cted to need to kn( w. 

For this reason the modem tendency to include a sketch of 
organic chemistry seems thoroughly desirable, although ^ 
courses intended specifically for chemistry majors it might 
well be omitted. For these students the rea,! aim of the course 
shoul-d, it seems to me^ be such a grounding in the fundamental 
theories and facts that the resulting knowledge can be relied 
upon to be there when vre wish to build upon it in more ad- 
vanced courses. I think most of us idll agree that the 
basis of the course should be an exposition of the facts 
of the atomic structure, rather than of the methods by 
which they v;ere obtained, and the application of these 
facts, through the periodic system, to the chemical be- 
havior of elements and compounds. We are fortunate, in chem- 
istry, to have so powerful a coordinating mechanism. In 
this regard the newer developments have simplified our task 
rather than complicated it.®5 

Cavelti, vjithout any corresponding agreement as to topics which may be 
omitted, suggested the following content topics, which seem to be in 



^4 John E. Cavelti, "The Perennial Problem of Course Centent in a 
Growing Science," Journal of Chemical Education, 20 (1943) PP* 271-273. 

^5lbid., p. 272. 
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contrs.s'b to ths abovo cjuotatxon^ tsntasiount to achieviiig his pioviously 
stated objectives: (l) the balancing of oxidation-reduction eqxiations, 

except in the case of the simplest direct electron-transfer types 5 (2) com- 
plicated examples of chenD*cal eqiiilibria, solubility products, and the 
like; (3) calculations involving the nomality concept; (4) all except brief 
reference, vdth no e:jq>ectation of retention, to such topics as the appli- 
cation of X-rays to the determination of crystal structures, raxiioactive 
degradation series, methods of determining molecular vjBights (except direct 
applications of Avogadro’s lav/, and perhaps freezing point depression), 
colloid chemistry, the meaning of electrode potentials, etc* 

Cavelti surmised that there is a need for an elementary course which 
is elementary , but intense, and wliich stresses descriptive inorganic chem- 
istry to a greater extent than is now customary. Norman Davidson projected 
another criteria for inclusion and selection of content xor the introductory 
college chemistry course Davidson advocated lectures on special topics 
where one can illustrate the utility of structural considerations in ex- 
plaining the properties of substances. To Davidson, the important thing 
is not Just what or how many facts we teach, but that v;e stimulate our 
students to have a healthy interest in facts. He believes that tlds ob- 
jective, the intelligent use of facts, could be effectively achieved by 
subjecting the student to an e^ctensive study of selected topics in descrip- 
tive chemistry, correlated by constant references to actual experimental 
material and interpreted temporally with theoretical material. In summary , 
Davidson remarked: 

^^Noman Davidson, "Theoretical Chemistry and Descriptive Chemistry 
in the Genera.l Chemistry Course," Journal of Chemical EducatiqnjL (1950) 
pp. 445-447* 
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Then, I think that in spite of an ever-increasing amonnt of 
factual infonnation, cheroistry is not becoming more and 
more fra^ented# It is becoming more and more integrated 
^d unified by general theories and by general methods of 
investigation which are applicable to a variety of fields# •• 

To participate in this synthesis, the student must have training 
in both descriptive and theoretical chemistry, and I believe 
there will be greater emphasis on the correlation of descriptive 
and theoretical topics #o 7 

Arnold J. Currier, Pennsylvania State University, in 1955, discussed 
a difficult problem in the teaching of general chemistry which resulted from 
the dual viervpoint in connection with the use of a textbook correlated with 
the laboratory manual. This personal preference is to place more emphasis 
upon the textbook material# In defense of his stated preference for text- 
book material, Cui-rier explains: 

In all too many cases, the student gets the impression that 
the experimental work is largely a matter of illustration or 
confirmation of the material presented in the textbook# To 
a large degree this aspect of the laboratory vjork may be a 
desirable one, but the thoughtful and perhaps less ambitious 
student can rightfully say, "Wha.t’s the use of doing the 
e^qperimental work when ive know the ans^^fers because they are 
all in the book?” Some of the laboratory manuals of the 
vrarkbook type which include erssreises involving the tabxila- 
tion of facts or data, from the textbooks may be especially 
conducive to this point of view. 

To correct this \indesirable tendency or practice, some writers 
have prepa,red texts wliich make the individual experimental 
wrk the focal point of the course #^9 

In 195 S, Laurence E, Strong and 0# Theodore Benfey gave a conflicting 
view to that of Davidson regarding the surfeit of knowledge when they dis- 
cerned the trend regarding chemicaJ. concepts at the freslman level by 
Inferring: 



^"^Ibid., p# 447# 



^ Arnold J, Currier, "Trends in. Chemical Education," 
glSaical Education, 22. (1955) pp, 2 S 6 - 2 S 9 

^^Ibid,, p# 2S9# 
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It is clear to the authors that there is a rife among 
chemistry teachers, a great amount of dissatisfaction 
^d-th the present chemistry curriculum. On the other hand, 
there has been, to our knowledge, very little experimen- 
tation with major aspects of the teaching plan. 

The Brown curriculum is a notable exception achieving re- 
marlcable success by dropping general chemistry and making 
essentially a simple rearrangement of the present courses, 
with organic chemistry as the freshman course. V® 

The Journal of Chemical Education described some thirty or more curri- 
culum developments during the period 1957-1963.* *^^^*^^^*^^ Bennett R. Willi- 
ford, Jr., at the Bucknell conference, Bucknell, Pennsylvania, reinforced 
the initial statement by Strong and Benfey and disagreed mth the last 
statement when he reiterated the status of the content of introductory col- 
lege chemistry vividly and succinctly, by concluding: 

There was no general agreement as to what constitutes the best 
freshman course. The majority favored a modernized course but 
few schools now find it best to begin with organic chemistry 
or an integrated-physics. 74 

Dating from the Brovrn enqperiment in 195S, the Journal of Chend.cal . 
Education7 5 j76 ,7 7 and the Advisory Council on College Chemistry 



^^^urence E. Strong end 0, Theodore Benfey, "Chemical Concents and 
the Chemistry Curriculum," Journal of Chemical Ed ucation. 3i (195S) P* l64* 

*7^Bermett R. Williford, Jr., "The Undergraduate Training of Chemistry 
Majors," Journal of Chemical Education . 3S (l96l) p. 251. 

72stephen E, Wiberly and Herbei^t H. Richtol. "A Nev/ Freshman Chemistry 
Program," Journal of Chemical Education . 41 (19^4) p. 147. 

73walter, p. 524. 

7%mford, p. 251. 

7 5jot>jtriial of Chemical Education . 25. (195^) P* 1^4 ff*^ PP* 168-173. 

76 "Recent Trends in Undergraduate Chemistry Curricula," pp. 126-147* 

Journal of Chemical Education, 42 (1965) PP« 524-528. 

"Experimental Curricula in Chemistry. " 

'^^Haenisch, p. 5. 
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have either summarized or published numerous articles on introductory 
college chemistry courses which were designed for individual colleges and 
universities. These descriptions vary from independent study courses, to 
new laboratory courses, on to physic s«-chemistry combinations. The content 
ranges from a lovr level of difficulty to that wliich necessitates a good 
background in calculus for comprehension. The many forces or factors 
which are causing reconsideration of the content of the first college 

go gn 

chemistry courses are well knom, ^ One of the causes behind the revo- 
lution is the vast amomt of chemical information and new theories that 
has been created in the past decade; hence, the new innovations in the 
first-year college chemistry courses contain new content. The literature 
survey shows some other modification agents, in general,^ to be: (l) fresh- 

man students are better prepared; (2) a mder variety of students, id-th 
diverse goals, abilities and backgrounds require closer consideration of 
specific needs of selected gi'oups of students; (3) the flood of new infor- 
mation requires careful consideration of which topics are to be inclxided 
in a course; (4) modern equipment makes available challenging new experi- 
ments for freslmian laboratory as well as methods of presentation; and 
(5) availability of imdergraduate grants from several federal agencies, 
Stephen E, Wiberly and Herbert H, Richtol, in 1964, were in agreement T^dth 
the above factors that have caused changes in first-year chemistry curri- 
cula and, in addition, added a few v/hen they gave the following reflection: 

Recent improvements in the teaching of high school chemistry 
and the advent of general chemistry texts >dth a change in 
emphasis plus the availability of undergraduate gre,nts from 



^L, Carroll King, in "Recent Trends in Undergraduate Chemistry 
Curricula," Journal of Chemical Education , 41 (1964) p* 126, 
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the National Science Foundation have brought changes in many 
first-year college chemistry courses,^ 

Individual professors, aware of the curriculum changes, began to call 
for assistance, Robert I, Walter, in discussing the survey report on the 

changing curriculum in chemistry, asked cooperation of his colleagues in 

the task of keeping a periodic check on evolving curricula by stating; 

It seems clear that exchange of information on changes in the 
curriculum are of value to schools which plan (or have already 
made) such changes. The experiences of others form a useful 
basis for one*s own plans, 

Laurence Sizing extended Walter *s plea for cooperation by suggesting 
that interest should be initiated at the beginning level in college chem- 
istry, Strong's statement testifies to the scope and influence of the 
content revolution at the college level when he stated; ”If chemistry 
teaching is to become more effective, we need reorganized texts and 
courses,”^ 

In view of the need to stimulate improved college chemistry teaching, 
the Advisory Council on College Chemistry (AC^)®5 (an independent group 
of professors operating under a National Science Foundation Grant'in an 
advisory capacity) appointed a Committee on General Chemistry in 1963. 

AC 3 came into being as a result of an ad-hoc committee convened in October, 
1961, This group was asked to consider the improvement of college chemistry 
teaching, especially in view of the Chemical Education Material Study 

^Wiberly and Richtol, p, 147* 

^3vJalter, p, 524 . 

^^Strong, p. 128, 

"Advisory Council on Chemistry Set Up," Chemical and Engineering 
News , January 14, 1963, pp. 43-44. 
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(CHEMS) and Chemical Bond Approach (CBA) programs at the secondary level 
and the great changes in the allied fields of biology, mathematics, and 
physics. 

According to AC^,^^ the content of the first-year chemistry courses 
in colleges and universities in the United States is generally determined 
by the available textbooks. AC^ panel members concur that the principal 
way to improve the topics in college chemistry is to improve the textbooks 
and other teaching materials. 

From the emphasis on content in terms of selected topics, chemistry 
professors are subsequently faced vdth delineating a core of topics. The 
concomitant activities and changes in introductory chemistry curricula 
have been labelled by King as "change".^ J.A. Young's statement testifies 

m 

to the scops and influence of the revolution (objective appraisal of the 

post World War II to I964 period): 

It is well Imown that the selected topics being taught in 
introductory chemistry have changed during the past several 
years, particularly since 1946, but the usual sources of 
information concer-iing the details have been casually by 
word of mouth or informal conversations. 

AC3 reinforced and confirmed the view of Young when the committee on 

General Chemistry remarked: 

There is considerable interest in delineating the hard core 
of topics presently being taught in introductory college 
chemistry. Many Institutions are questioning the place of 
the first course within the total chemistry curriculum. 

The extent of adoption of new topics into introductory 
chemistry has not been kno^m, although it is well known 



^L. Carroll. ICing', "Modern Texts are Needed to Upgrade College 
Chemistry Courses; Freshmen Often Ready for Quantum Chemistry, Thermo- 
Chemical and En.gineerin.g Ne^^rs , February 14> 1964> PP« 42-44« 

^^King, in '^Recent Trends in Undergraduate College Chemistry," p. 126* 

^%oung, "The Content of the First Course in College Chemistry," 
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that thoro has be©n eonsiderabl© change in course content 
in recent years. Teachers in junior colleges are particu- 
larly interested in Icnomng the main ^ topics ^ presented in 
introductory courses as taugiit in universities and four- 2 ^ear 
colleges. Currently, 25^ of all undergraduates are studying 
in junior colleges, and many of these students later transfer 
to universities and four-year coI3,eges. Core topics must b© 
identified and ba,ught to this large group of students if 
transfer students are not to be put at a groat disadvantage. 



Ti'ro .surveys have been mad© heretofore to determine wnat topics have 
been taught end uhich are excluded in the first-year course. H. J. 
MechaJiilcin, in 19^1, furnished a preselected li.st of topics to be rated 
according to a seal© ranging from "essential for inclusion" to "unnecessary 
and should be omitted" in a questionnaire to which approsdjnately 100 respon- 
dents replied.^ A less subjective source of information on the content 
topics presently being taught in first-year college chemistry was under- 
talcen by Jay A. Young. The survey was sponsored by AC^, and letters were 
sent to 100 randonay selected colleges, universities, and junior colleges 
requesting copies of the final laminations in the lirst-year chemistry 
courses for the acadenic year 1962-63. The primary purpose of the study 
Tr/as to find what topics are normally included in a general chemistry course, 
what changes a,re needed, and to stimulate improvement; that is, to provide 
useful information from which a sound basis for Individually determined 
improvements could be established. A total of 52 institutions contributed 
final eacaminations for this study. Young observed that the general pattern 
of final examination topics closely followed the pactern of topics found 
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in a.vailable texts and, in conclusion, excla^imed: "It is, therefore, im- 

perative that the very best efforts be esqsended in the preparation of 
general chemistry te:ct3«"^^ 

Tile present era is characterised by the need to give fresh consider- 
ation to the introductory course. In response to this need, the General 
Chemistry Committee of the Advisory Coimcil on College Chemistry convened 
e.t Tulane l&iiversity, February, 1964. Wo attempt vra,s made to outline a 
single introductory course 5 rather a consideration was given to a number 
of specific topics and specific methods of instruction v/hich might be 
appropriate for freshman chemistry. 

Based prima.rily on an outline presented by L. K. Nash of Harvard 
Ifoiiversity, the following "Boundary Cond5-tions " ifere offered as criteria 
for selecting topics in first-year chemistry: 

1. The topic should be capable of natural integration into 
previous Imowledge of the student and should add to his 
intellectual score. 

2. The topic should be appropriate to the future activities 
of the student. 

3. The topic and its mode of presenta.tion should stimulate 
the student to take upon himself the arduous lifetime 
task of maximian intellectual developaent. 

4. The first course being an introductoiy one, it should 
convBy something of the nature of science. 

5* The topic should be capable of honest presentation at 
the introductory level, with minimal extracting of 
rabbits from a hat or requiring the student’s passive 
acceptance of our dognatic assertions. 

6. The topic should equip the student to solve recognizably 
worthwhile problems. 

7. The topic should be illustrable by student laboratory 
experiments and lecture demonstrations* 

8. The topic should be highly relevant to other subjects 
treated in the introductory course. 




9^1bidop p. 4?G. 



9. The topic should either be a hard-core topic for intro- 
duction into the v/aye of cheiaistry, or it should not 
preclude the acquisition of these fundamental topics 
during the first-year course. 93 

The following statement was prepared with the help of all participants and 

represents the areas of general agreement among the participants on the 

topics of interest to this conference: 

The participants in this conference recognize that it is not 
possible to describe or develop a single first-year college 
chemistry program to meet the needs of all colleges and uni- 
versities. Rather we believe that the strongest and most 
effective programs are developed by enthusiastic and dedicated 
teachers who take into consideration the local needs, the in- 
stitutional goals and admission standards as i-jell as national 
trends and creative developments in chemical education. In 
addition we recognize that although the quality of high school 
training is variable, there is a general improvement in the 
quality of the background of students enrolling in first-year 
college chemistry courses, due to the improved high school 
courses now available. We believe that the strongest force 
behind the changes now taking place in college chemistry courses 
is the desire to emphasize the nature of the knoi'/ledge-obtaining 
enterprises of the chemist and to take the student to the edge 

of research. 94 

The Conference recommended: 

(1) Efforts be made to stimulate preparation of a series of 
outlines and suggestions for teaching (at the first-year 
college chemistry level) some important topics not ade- 
quately treated in current texts. 

(2) A study be made to ascertain which additional topics 
traditionally treated in higher-level coui’ses can be 
successfully presented in first-year college chamistry— 
and if such topics are treated at this level, to what 
extent they must be presented again. 

(3) Although the entire first-year course can’t be taught as 
rigorously as many higher-level courses, a large part of 
any first-year course c?an be presented this way. 

(4) A comprehensive effort be made to continue to revitalize 
the laboratory work in first-year college chemistry. 

This can be done by uncovering and publishing new kinds 
of experiments and ideas. 



9^ "Editorially Spealcing," p. 113. 
94Haenisch, p. 20. 
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(5) Qualitative analysis be critically re-eicamined to see 
if the principles demonstrated in this xvork can be pre- 
sented more efficiently. 

(6) The use of individually prepared research-type reports 
patterned aJTter a research notebook be encouraged. 

(7) ^''Ihere special programs for high-ability students are 
available, they should be provided throughout the 
stiodents' college career, 

(8) An optimum ratio of students to instructors be provided 
to give quality instruction in the laboratory. Reason- 
able ratios noi 7 seem to range from 10 to l6 students per 
instructor. 

(9) Coordination betxveen chemistry teachers and those in the 
other sciences be increased with a view to^rard reducing 
duplication and increasing the transfer of useful prin- 
ciples and information, 

(lO) The tern "general" chemistry be discontinued and a more 
descriptive term be used. 95 

Nelson McKain,Jr., took opposition to the Tulane panel recomendations 
The rebuttal is as foUovfs: 

The report of the Advisory Council on College Chemistry is 
disturbing. The article did not state the objectives of the 
proposed course, not its entire content, nor the students 
for whom it is primarily intended. But what was said creates 
considerable doubt that the committee is thinking of a chem- 
istry course for ordinary college freshmen. 

Rea^ding between the lines, it seems the committee does not 
favor a we3.1 rounded, infomative, albeit rigorous, coujrse 
in general chemistry, but prefers a specialized offering 
primarily intended to groom the fi’eshman for graduate school. 

The statement that "xmdergraduates can begin research at the 
freshman level" applies to only a small percentage of any 
ordinary freshman class. What sha.ll be done with the others? 

Will a "core" consisting of themodynamics, the Schrodinger 
wave equa.tion, and siueculations on the hydrogen-oxygen bond 
meet the needs of students planning careers in medicine, bio- 
logy, and other fields? Will such a course be suitable for 
the increasing number of students who take freshman chemistry 
as a genera.l education course with no intention of pursuing 
the subject beyond the freshman year? Many good students do 
not enter college mth a background of high school calculus, 
nor even a sound foundation in chemistry and physics. Can 
these students be given a meaningful treatment of themo- 
dynamics in a reasonably short time? Or would it not be 



95l, ICing, "Modem Texts are Needed to Update College Chemistry 
Courses; Freshman Often Ready for Outontum Chemistry,Themodynamics, " p, 44* 



3S 



better to cover the more conventional topics thoroughly, thus 
laying a foundation for their future >/ork in science? Then, 
as time permitted, the more advanced concepts might be intro- 
duced on a selected basis, not as a "theme" of the course. 
Certainly the idea of spending more than a quarter of a se- 
mester on svich a specialized topic as the bonding of hydroxyl 
is of dubious meidLt in a beginning course. 

It has taken our educational system more than a decade to out- 
grow "progressive education" and its effects still linger in 
places. Is the style swinging to. the opposite extreme, rigor 
for rigor’s sake? Is freshman chemistry to be made so tough 
that only the graduate of a, tw-year high school honor program 
can enroll? And is its content to be made useful only in 
meeting the requirements of a Ph.D. degree? The broarily based, 
informative course in genera.l chemistry, such as is covered in 
many of the newer texts, meets the needs of the average college 
student very wall, and if properly presented, vdll provide a 
challenge to the best of them. If a specialized, highly tech- 
nical course is desired for a few specially selected chemistry 
majors, there can be no objection to its bejjng offered. But 
such a course merely trains, whereas the broader course edu- 
cates. The broader course provides the bacl<ground of informa- 
tion and experiences in problem-solving needed by a variety 
of students in fields other than chemistry. Such a course, 
competently taught can be made challenging and also interesting. 
The students who select chemistry as a career a,re probably 
influenced more strongly by a good teacher than by course 

content. 96 



The previous discus sions97? 93,99^100 shovf a diversity of approaches 
to the teaching of first-year college chemistry. Young’s survey and the 
AC3 panel suggestions^^^ reinforce this diversity by shoidng that the cur- 
rent availa.ble textbooks generally determine the content and outDdne of 
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the first-year chemistry course. The investigator is of the opinion that 
a diversity of approaches to the teaching! of first-year college chemistry 
is pedagogically sound. The sequence in which the topics are presented 
and the approach that is used in the topic presentation, however, often 
lead to a pedagogical v/eakness — the lack of a conceptual framevK>rk to show 
hoiv concepts are developed and related. The principle problems are coordi- 
nation, distribution of topics, and arrangement of course content units 
in a logical and coherent sequence. 

The selection guidelines for inclusion of a topic in an introductory 
college chemistry course trare formulated by Babor,^^^ Shotton,^^^+ Mysels^^^ 
and Nash,^^^ These discussions show that the basis for a logical arrange- 
ment of topics in freshman chemistry rather than an adherence to tradi- 
tional sequence has been advocated for at least three decades. This need 
is also reflected by the extensive revisions and experimental innovations 
in the first-year chemistry course, such as the introduction of substantial 
amoimts of physical principles, bonding theory, organic chemistry, and 
quantitative analytica,! techniques in the laboratory, AC^ has urged that 
information about experimental curricula and a sxmimary of the discussion 
and conclusion be made generally available. The suggestion has merit but 
is inadequate. The previous data and opinions give ample evidence that 
an analysis of the general chemistry course to identify basic unifying 
concepts that may allow a systemization which can provide greater effi- 

^^^Babor, pp, 263-264* 

104shotton, pp, 619-621, 

105Mysels and Copeland, pp, 163-167* 

^^^Nash, p, 368, 
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ciency and effectiveness in teaching is needed. A consolidation of the 
ideas of the writers mentioned in pages 23 through 30 is merited-“the 
ensuing result being a logical, systematic procedure for the inclusion of 
a topic in the introductory college chemistry course, a logical arrange- 
ment of topics, a logical development of concepts to teach the processes 
of chemistry, and a respect for and interest in facts. The discussion by 
AC3 panel members as shown on pages 35 and 36 supports the investigator's 
position. One solution to the controversy regarding selection of specific 
topics and methods of instruction would be a federal supported project 
that would bring together professors of chemistry from all classifications 
of colleges and universities mth an ensuing purpose of designing intro- 
ductory college chemistry courses with a concomitant analysis of the struc- 
ture of the introductory course and a study of the process of teaching 
first-year college chemistry. Since the previous discussions have shown 
the textbook to be authority in regard to introductory college chemistiy 
courses 3 the implication is a need for consolidation of experiences, not 
diversification of practices. 

The General Chf^mistry Laboratory 

There is a great deal of dissatisfaction if/ith the present operation 
of freshman chemistry laboratories. Suggested solutions range from doing 
away with freshman laboratory to making the laboratory the center for the 
first-year course. 10? The present situation is comparable to the Demon- 
stration Versus Laboratory controversy of the 1920-1940 era.^^^ 

^^7Haenisch, p, 17. 

lOSsaul B. Ar enson, "Demonstration Versus Laboratory Once Again, " 
Journal of Chemical Education, 15 (1930) p. 592. 
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Study of the foregoing research and opinion reflects the dissatis- 
faction v/ith the teaching practices in freshman chemistry laboratory for 
the past 75 years and creates djiiplications as ■well as questions. C. S, 
Adams, Antioch College, in re'vlewing the literature of laboratory ob- 
jectives of general chemistry developed a reservation regarding the ten- 
dency to consider one laboratory method superior to another. In 1942, 
he sent out a questionnaire to some 175 universities requesting a ratiLng 
of some proposed objectives in general chemistiy laboratory work. One 
hundred forty of these questionnaires from 140 institutions vjere returned* 
The purpose of the survey was to re-examine the general chemistry laboratory 
program id.th respect to objectives, methods, co\irse content, methods of 
appraisal* Adams reported that the literature up to 1942 had recorded 

m 

only ti>jo investigations, those of R. E. Horton^^^ and E. 0. Smith^^^ which 
had specifically attempted to measure the outcomes, achievements and 
effectiveness of laboratory methods by actual performance tests. Adams 
reix>rted that previous investigators had used paper-and pencil tests, -which 
he believed, in probability, do not measure motor skills, manipxilative 
ability, laboratory technique, and tangible acceptance -with materials. In 
oi^er to defend his position, Adams summarized the final conclusions of 
the two-year investigation by Horton and Smiths 

1, The customary method of measuring achievement in elementary 
chemistry by paper-and-pencil tests measures chiefly the 
outcome of but one of the major objectives of laboratory 
■work; -viz., the acquisition of information, 

^^^Adams, 'pp, 267-26S, 

E. Horton, "Does the Laboratory Belong?" Journal of Chemical 
Education . ^ (1928) pp. 1432-1443. 

IHe, 0, Smith, "Improveiaent of the Indi-vidual Laboratory Exercise 
in Chemistry," (1929 ') pp. 1130-1135. 
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2. Such paper^-and-pcncil measures of achie-vement in chemistry 
fail to show any consistent or marked advantage for any of 
the three methods of laboratory procedure studied; viz., 
the individual, the lectixre-demonstration, and the lecture 
method. 

3. At the conclusion of a laboratory course in beginning 
chemistry those pupils who have had individual instruc- 
tion do consistently better than those who have seen the 
eD<p 0 riments performed for them in class or those who have 
heard the instructor explain the experiments in lecture, 
when these pupils are measured by a laboratory performance 
examination. 

4. This difference in ability in favor of those who have 
had one semester of individual laboratory instruction^ 
over those who have ha,d the other methods of instruction 
is, not entirely erased at the end of the second semester. 

5« Since the difference is slight it would appear that one 
semester of laboratory instruction by demonstration fol- 
lowed by a second semester of individual laboratory in- 
struction accomplishes the same results as two semesters 
of individual laboratory instruction. 

6. It seems probable that the best plan of laboratory pro- 
cedure is to present some of the e^cperiments, pa,rticularly 
during the first semester, by demonstration. 'The experi- 
ments involving the more complex apparatus, those in which 
it is most difficult to obtain the correct results, and 
those which may have an element of danger involved, are 
believed to yield the best results to the classes as a 
whole by the lecture-demonstration method. 

7. Contrary to the conclusions of many of the previous inves- 
tigators the individual method of laboratory instruction 
is superior, particularly for the superior student, while 
the lecture -demonstration method may be somewhat better 
for students at the lower intelligence levels. 

8. Further study is necessary to obtain better methods or 
devices to measure the student’s attainment of the gene- 
rally accepted aims and objectives of laboratory work. 

Adams felt that more pioneering work is needed in the area of performance 
tests and predicted that these tests will become part of the first-year 
chemistry laboratory program in the not too distant future. The 
investigator believes that the need still exists today and little evi- 
dence indicates that such tests have materialized. 



^^Adams, pp. 267-268 

113ibid., p. 268. 
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Other educators have also showa dissatisfaction mth the freshman 

laboratory work* Robert K» Summerbellj Northwestern University^ in 1954^ 

severely criticized the standard laboratory experiment v/hen he said: 

¥e chemistry teachers sometimes defend our routine laboratory 
work by saying that the student is being taught by "observa- 
tion. " Any e^qjerienced chemistry tea.cher can cite numerous 
examples parallel to those described. No student ever learned 
to make observations by doing routine experiments that simply 
confirm statements of the text or of the instructor, 

Summerbell advocated the use of unlmowns to improve the introductory chem- 
istry laboratory when he had this to say: 

¥e have found that by introducing unknowns the value of this 
experiment is greatly increased. There is no longer any 
problem of honesty. The student is asking a question of na- 
ture, and the only way he can arrive at an answer is to make 
observations. He does so, and a good resiat gives him a ^al 
thrill. He has experienced the excitement of experiment, 

Summerbell concurred with Adams’ plea for performance tests but, in addition. 



extended the evaluation problem to include not only performance but also 
motivation and offered the following solutions to assist professors of 



college chemistry: 

The evaluation of the effectiveness of teaching methods is one 
of the most difficult of educational problems, particularly when 
we are t Tyi ng to measure such intangible things as student moti- 
vation. As scientists we demand measurements that can be ex- 
pressed numerically. Becanse of the pioneering work of such 
a group as the Examinations Committee of the Division of Chemi- 
cal Education, we know pretty well how to test efficiently 
such things as subject matter retention, ability to balance 
equations, or ability in lurking mathematical psroblems. Tests 
are even available for measuring competence in laboratory mani- 
pulations, or ability to apply scientific reasoning processes 
to a specific situation. All of these things are important 
and the proved validity of such tests is encouraging, but no 
satisfactory method of measuring motivation has come to my 
attention. Data can be collected as to the proportion of 
students electing advanced work in the field, bui& such data 



^^-J-Summerbell, p. 365 
^^^Ibid,, p. 366. 
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are subject to much random variation and hopelessly out of 
date by the time significant amounts have accumulated. There 
are, however, a number of less precise but perhaps more signi- 
ficant indications that are available. Do the students ask 
questions during, and more important, after the class? Are 
the students difficult to eject from the laboratory? Do they 
use library references and ask for more? Do they inquire about 
the possibility of a career in science? Do they attend unre— 
quired public lectures in the field? Some of these criteria 
may be better than formalized tests as to the adequacy of the 
teaching. A fair portion of students who have been taught 
effectively should do all of these things. 

The general chemistry laboratory is a particularly vexing problem. 

Everyone agrees it should be significant and provide motivation, but the 

effective processes for accomplishing this have not yet been clearly de- 
117 

fined. The evidence is far from conclusive that educators really realize 
the educational value of laboratory. Positive confirmation of this state- 
ment is reflected in the following report on the status of the chemistry 
laboratory: 

Tl^at to do with laboratory in undergraduate chemistry courses 
remains a complex, unsolved problem despite a resurging inte- 
rest now evident on a national and local scale among teachers 
in small and in large colleges. As this year's intake of fresh- 
men settles into a new environment, teachers are appraising the 
difficulties— -conceptual and physical twixt lecture and labora- 
tory. 

One of the difficulties in big universities is that there are 
too many undergraduates, particxilarly freshmen, to be accommo- 
dated in existing laboratories. Relatively expensive laboratory 
facilities and competent staff are usually necessary to make a 
laboratory course challenging to students. To "solve" the 
problem, a few universities have abandoned freshman laboratory . 
altogether; other schools are likely to do so. Some teachers 
feel, however, that teaching chemistry — an experimental science— 
without laboratory is analogous to training an artist without 
providing him paints and brushes. 

While the problem remains unsolved, there are many chemistry 
teachers working on it. Several are experimenting with ideas 



^^^Ibid. 

^^"^Haenisch, p. IB, 
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to break the boundaries between the traditional subdisciplines 
of chemistry. One way to break these boundaries is to teach 
unified undergraduate laboratory courses— for example, combin- 
ing physical, inorganic, and analytical; biochemistry, organic, 
and analytical; and organic, inorganic synthesis. Some combi- 
nations are in operation. 

Although there is considerable interest in unified laboratories, 
there is little readily available information about what is 
being done and why. Nor is there much direct contact between 
different individuals or groups wrking along the same or simi- 
lar lines. The Advisory Council on College Chemistry is trying 
to stimulate exchange of ideas among teachers and to disseminate 
information on the topic. 

The objectives of the introductory college chemistry laboratory were 
vividly and succinctly stated in the previous discussion by Adams on pa-ge 
20. The placing of Adams' objectives in juxtaposition vdth the objectives 
of Richards, listed on page 52, show that the statement of goals for the 
first-year college chemistry laboratory have changed little, if any, the 
past forty years. The pressing need appea^rs to be a choice of e;jq)eriences 
to meet these stated objectives and the ensuing evaluation methods. The 
AC3 publications and the Journal of Chemical Education publications referred 
to on page 49 show the dissemination of many labora^tory experiments at the 
introductory college chemistiy level. The investigator believes the solu- 
tion to the problem appears to be a consolidation and/or modification of 
content rather than a dissemination and exchange of ideas. The investi- 
gator believes that first-year chemistry students should receive experiences 
in designing open-end experiments, collecting and recording data, formu- 
lating and verifying hypotheses, drawing generalizations from data, and 
designing witeups. The student should be given directed-discovery experi- 
ences that alloxv Wm to discover new facts and to give him a respect for 



^^^David N. Hume, "Teachers Try to Unify Laboratory Courses," 
Chemical and ^gineering News . 45 » November 20, 196?^ PP* 53-54* 
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facto and corresponding practice in the use of data and facts. Chemistry 
is an experimental science, and the laboratory is an integral part and is 
the proper educational environment where students should learn chemistry 
by acting like chemists. The professors of chemistry might profit from an 
innovation somewhat like the Physical Science Course for Non-Science Stu- 
dents at l^nsselaer Polytechnic Institute, New York. The suggestion of 
Summerbell in regard to the use of unknowns as described on page 42 might 
be the basis of a starting point. 



Suggested Solutions to Current Controversy 
Accumulated information pertaining to the first-year course content 
has already reached such mammoth proportions that it is impossible to in- 
clude everything of importance in a first-year chemistry course. As infor- 
mation and new ideas proliferate, college curricula seem to become more 
inadequate, despite continuous efforts to upgrade courses. Since courses 
can’t grow without limit, incorporation of new material always demands 
deletion of some topics which have traditionally been considered indispen- 
sable to sound chemical education. One consequence of the changes within 



established courses is increasing incoherence in the program as a whole. 
Some subjects are treated in several courses, with little attempt at cross 
correlation while other important topics are neglected entirely. 



Admitting conjecture, in part, George Hammond^^^ of the California 
Institute of Technology claims the time is ripe for a change and suggests 
a complete overhaul for college chemistry curricula. He is not expecting 
ready acceptance of this proposal, although the Westheimer Report, in 
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essence, seems to agree vdth his approach. His pessimism is based upon his 
belief that chemists ’’have become highly conservative, an attitude that is 
inappropriate in any activity designed to produce nevj’ knovdedge."^^ 

I-IaiBmond’s proposed fresliraan chemistry course, genei^al chemistry, dif- 
fers some from its current counterparts. According to Hammond, today *s 
freshman college courses have included more and more physical chemistry 
vdth almost exclusive emphasis on structural concepts 5 and, although they 
are sophisticated and challenging, they are not "general chemistry," His 
proposed course in general chemistry would, hopefuUdy, give the student a 
picture of the entire field of chemistry, the Idnds of problems that it 
contains, and "various kinds of theory" used to attack problems. 

The proposed general chemistry course begins, 122 much like present 
freshman courses and very similar to the vievjs of Cavelti, vdth a discus- 
sion of elementary structural concepts — atoms, molecules, and chemical 
bonds, resulting in a discussion of propsit-ies of matter in condensed 
phases that helps introduce the student to thermodynamics. This train of 
thought leads to a discussion of chemical reactions, including stoichiometry 
problems and equilibrium. An e:q)loration of the periodic table is guided 
by atomic theory and used to introduce the basic concepts of systematic 
inorganic chemistry,- Near the end of the course, a brief discussion of 
synthetic chemistry makes the student amre of the field's existence, 
objectives and challenges, 

^^Ibid., pp. 4S-49. 

122 Hanjmond’s proposed freshman course differs some from its current 
counterparts. According to Hammond, other first-year courses include more 
and' more physical chemistry vrith almost exclusive emphasis on structural 
concepts. His proposed course in general chemistry v/ould, he hopes, give 
the student a picture of the entire field of chemistry, the IdLnds of prob- 
lems that it contains, and "various kinds of theory" used to attack prob- 
lems. 
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other educators are utilizing multidisciplinary (multiD) courses as 
the vehicle to give structure to the discipline of chemistry. Multi- 
disciplinary courses, according to Edward C. Fuller, Beloit College, 
V/isconsin, offered to science majors are increasing in number despite the 
extra dematids they mal^e on the faculty and students. Aided by the Advisory 
Council on College Chemistry, Fuller distributed 1600 questionnaires to 
determine the incidence of multiD courses offered by schools to majors and 
nonmajors in science. Of the 1000 returned, 75 respondents stated that 
multiD courses are taught to science majors. Of those 75 responses, 64 
v;ere useable^ and indicated that almost half of that number of institutions 
offered one multiD course to nonscience majors and another to science majors. 

The multiD courses have been divided into elementary and advanced 
classes. The elementary courses usually account for six to nine semester 
hours in each semester of the first year. Their contents may vary consi- 
derably from college to college. For example, the Claremont California 
Colleges (Claremont Men*s College, Pitaer, and Scripps) offered a combined 
chemistry-physics course in the first semester of the freshman year, fol- 
lowed by concurrent semesters in chemistry and physics. Florida Presby- 
terian College, St. Petersburg, uses a four-semester course for science 
and nonscience majors that includes the main topics: mechanics, chemical 

energetics, macromolecules, and evolution. In describing the advantages 
of the multiD courses. Fuller says: 

Time saving and better learning may be achieved by closely 
relating aspects of one discipline with a course in another. 

For example, teachers at Beloit College cover only the phy- 
sics arising from specific aspects of chemistry in the 
course. Particle dynamics, work and energy, temperature. 
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and heat are taught to quantitate and coincide with gas 
kinetics and thermodynamics in chemistry. Similarly, nu- 
clear physics and radioactivity coincide with nuclear 
chemistry. 

Some chemistry educators have responded to the plea of Robert I, 
Walter, Haverford College, Pennsylvania, and the Advisory Council on 
College Chemistry^^^ to offer novel suggestions in regard to introductory 
college chemistry laboratory. But not all agree how the student’s instruc- 
tion should tailor him for a place in research and industry. In answcririg 
the question, "T'l/hy have laboratory?" Charles Wilcox of Cornell University 
gave a comprehensive response that implied his philosophical, psychological, 
sociological, and pedagogical position as to the description of his con- 
cept of the present-day introductory chemistry laboratory: 

Chemistry teachers are designing new laboratory programs to 
counteract rapidly rising numbers of undergraduates and aging 
methods of laboratory instruction. Although the function of 
laboratory instruction should be to teach students execution 
and design of experiments, traditional teaching and swelling 
ranks of students may force the use of canned experiments 
whose quality is only slightly above matching blanks with pre- 
determined answers. 

What’s needed to reconcile student numbers with individual 
and meaningful instruction is a program of experimental 
units linked to a central theme. Such a program would be 
a central trunk of guided, thoroughly developed, sequential 
work and from this trunk several branches would provide 
varying degrees of detail. All students would do the work 
along the trjmk^ each would malce his choice of the branch 
to follow. 



^^^Ibid., p, 67 . 

^^%alter, p. 6?. 

^^*^Charles Wilcox, "Teachers Devise Three Year Lab Program," Chemical 
and Engineering Mews , 45 > August 28, 196?, p« 74. 
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In its nascent form, the program* s design considers fundamental 
approaches to preparing and purifying materials, determining compositions, 
and designing experiments for measuring physical and chemical properties. 

In t^^rras of experiments, the program ”vd.ll, according to Wilcox, emphasize 
at all levels a sequential and conditional pattern of experimental work. 

The laboratory program could, in principle, accompany lecture sequences, 
but it dovetails most naturally the Hammond Curriculum^^^ and the Advisory 
Council on College Chemistry modern experiments. ^^9,130 According to 
Wilcox, the first-year laboratory study will be aimed at a large number of 
nonmajors and smaller groups of chemistry majors. 

The experiments developed by Harry Gray, Mchael Smith, and Jurg 
Waser^^^ of the California Institute of Technology advocate a different 

m 

approach by including topics from diverse fields of chemistry. These 
three chemistry educators, in their preparation of introductory college 
chemistry experiments, have written experiments that show the interrela- 
tionship of inorganic and organic chemistry. One example is an experiment 
which involves the preparation of chromium (ill) acetyl acetonate, its 
acetylation, and its oxidation to the triacid. The student then determines 
the triacid equilibrium constant and the magnetic susceptibility of the 
acid product. In addition, supplementary exercises have been written which 
would not only allow the capable student to prepare paramagnetic polymers 
of the triacid but would permit him to do a spectral analysis of the 
parent acid and its precursors. 

, ^^%ammond, p. 4G. 

^^ %odern Experiments in Introductory College Chemistry , Stanford 
University, California: Advisory Council on College Chemistry, 1966, p.495. 

^^^H. A. Neidig and William F. Kieffer, "Modern Experiments in Intro- 
ductory College Chemistry," Journal of Chemical Education, Easton, Pennsyl- 
vania, 1967 , Foreword. 

^^%ilcox, p. 74 . 
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The first-year laboratory equiiDsaent for the experiments described 
above woiild inclu.de gas chromatographs (GC), pH meters, and other special 
equipment. On the other hand, alternative experiments are provided that 
do not require such elaborate equipment. Laboratory techniques and methods 
for this first-year laboratory course include: volumetric analysis, separa- 
tion of solid and liquid mixtures, distillation, crystallisation and subli- 
mation, e::rtraction, chromatography, and electrochemistry, 

Ernest H, S-wift of the California Institute of Technology, says that 
since 1956, when he moved quantitative chemistry laboratory from the sopho- 
more year to the first two quarters of the freshman y^ar (vdth qualitative 
analysis given in the third quarter), at least 60^ more freshmen elect chem- 
istry or chemical engineering at the end of their fresliman year. Swift says: 

Quantitative techniques allow students to begin meaningful 
research much earlier, even as freshmen. The objectives of 
a quant course are not to train analysts or analytical chem- 
ists. Rather, it should develop a proficiency in planning, 
executing, and critically interpreting experiments involving 
quantitative measurement of various physical quantities, 132 

Suggested solutions to the problem of laboratory instruction differ 
mechanically rather than conceptually. Recently, a panel appointed by 
the Advisory Council on College Chemistry to study student laboratory pro- 
grams concluded: 

The student has every right to expect that, on an hour-for-hour 
basis, the laboratory idll be as stimulating as any of his 
activities at the university. It must compete. Does it? If' 
not, the student is intellectually deprived. ^-33 

Although there is difference of opinion among AC3 panel members re- 
garding particular experiments to include in a program, there is a mutual 



132e^ H, Swift, ’’Freshman Chemistry Laboratory at the California 
Institute of Technology,” Journal of Chemical Education , ^5 (1956) p, 44 • 
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agi*eement that laboratory is Importsrxt for first-year chemistry courses. 

The panel was of the opinion that laboratory ■vjork in the first-year college 
chemistry course is moving rapidly toward quantitative experiments and that 
the level of such lab work demands student performance that is up to pro- 
fessional standards. According to AC^, the current emphasis is on better 
techniques and comprehension, but fewer experiments are required* This 
trend, according to the panel,^3A. is accompanied by the use of more instru- 
mentation; freshmen at several schools have successfully performed experi- 
ments using instruments such as spectrophotometers and vapor chromatographs* 

The panel suggested that the Advisory Council encourage a giTOup of 
teachers to devise new laboratory experiments* Tliese experiments would 
center on principles and ideas being introduced in first-year college 
courses. In addition, the panel felt that topics suitable for undergraduate 
research should be explored. Instead of fill-in-and-detach type laboratory 
texts and manuals, the use of research-type reports ivas urged* 

The panel felt that some of the traditional lab experiments should 
be evaluated in light of new developments* For example, qualitative analy- 
sis, one of the oldest traditional lab exercises, shoifLd be re-examined to 
see if the principles demonstrated in this work can be presented more 
efficiently* Members of the panel believe that students should be encour- 
aged to be more creative in applying these principles, rather than slavishly 
following a scheme for a given number of ions. 

Recently, the AC 3 Committee on CuriiculiM held a conference on uni- 
fied laboratories at the University of North Carolina. ^3 5 Several teachers 

^34Kixig "Modern Texts are Needed to Update College Chemistry 
Courses," p. 44* 

^35Hume, p. 53 * 



discussed programs already in operation or planned at their schools. VJhile 
there are differences in details of the unified laboratory prograjns outlined 
by the conference, there is general agreement that laboratory is essential 
for chemistry majors and that there are some essential aspects that any 
successful laboratory course must have. Describing the California Institute 
of Technology program, John Richards^^^ expresses a philosophy that he felt 
should be applicable to laboratory for chemistry majors— fundamentally, 
chemistry is an experimental science and any course must therefore contain 
a reasonable amount of laboratory. Richards feels that an understanding of 
some of the lAany facets of the laboratory problem requires a prior under- 
standing of the environment in which chemistry teachers are presently 
working. Richards discerned the current status of chemistry laboratory 
when he had this to say: 

Students coming to universities now are much better prepared 
in theoretical topics than they were ten years ago. This is 
a result of improved high school science courses. But in 
spite of their greater theoretical sophistication, students 
generally have not had more laboratory experience. 

Richards also pointed out other perplexing problems. For example, 

rapid advances in theoretical chemistry and the resulting increase in 

complexity of experimental methods have dictated that more theory be 

taught. Richards feels that the response to the felt need to teach more 

theory has resulted in an increase in the nianber of units required for 

laboratory. To solve these problems, Richards concludes, laboratory courses 

must be taught in a new i-zay, and more effectively and more efficiently. To 

do this, Richards says that more excitement, more enthusiasm, and more 
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technique must be conveyed to students than has been the case. He lists 
four requirements for a good experiment to achieve these goals • 

1, It should demonstrate a principle. 

2, It should teach a useful, modern technique; students lose 
enthusiasm quickly if the experiments assigned are unre- 
lated to modern chemistry, 

3, It must challenge the student. Moreover, the student 
self must recognize the challenge. There are many ways to 
accomplish this— for instance, by artful design of the ex- 
periment, and by introducing some unknown aspect to the 
experiment, 

4, It should be open-ended, 

Richards believes that if an experiment is done under an oppressive dead- 
line the student vriLll go through it as rapidly as possible, probably with 
as little thought as possible, and will probably get little out of it. If, 
however, a student does not feel pressed to finish a large number of experi 
ments in a short time, his appreciation of any given experiment will be 
greatly increased. In defense of the open-end experiments, Richards says: 

Some material will have to be left out of the course so that 
as a student becomes intrigued in an open-ended experiment he 
can pursue it in more depth than usual# This will mean that 
many students will not be exposed to every technique a teacher 
feels necessary for successful graduate research. But the 
time required to learn all the techniques to an appropriate 
degree of proficiency is simply not available in imdergraduate 

programs, 

In Richards* opinion, a few experiments done well, thoughtfully, and 
creatively are much more valuable to students than simply having the stu- 
dent go through as many ’’experimental recipes” as possible, Richards be- 
lieves that students will be in the most advantageous position possible 
for further creative work as scientists if they are challenged with open- 
ended experiments with enough time allocated for a thorough, thoughtful 



^3%bid., p. 53. 
^39ibid., p, 54. 



job. Herbert 0. House of I^ssachusetts Institute of Technology has a 
different view on *->he objective of the chemistry laboratory. In his view, 
the principal purpose for a chemistry major is to train him to do research. 
For a student not planning a research career. House feels a different type 
of laboratory course seems more appropriate. 

The rudiments of a first-rate laboratory program are inherent in the 
discussions of Richards and the AC^ panel member suggestions. Even 
though there is a difference in opinion in regard to the end product — 
whether student becomes a research chemist or nonscience major— the open- 
ended experiment appears to be the pedagogically sound basis for achieving 
the objectives of general college chemistry laboratory as described by 
Richards on page 53* The open-ended experiment, in the -opinion of the 
investigator, would teach students execution and design of experiments and 
could be designed in such a manner as to show interrelationship of the 
different branches of chemistry as weU, as other disciplines of science 
and chemistry. The solution to the laboratory problem apparently lies in 
the understanding of the environment in which college professors of chem- 
istry are working and the adaptability of open-ended experiments to fit 
their situations. 



General Summary of Literature Review 
The extensive literatur*e review shows the introductory college chem- 
istry curriculum to be in the midst of a revolution and has been for some 
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.time. The divorsity in views of diffci-ent witors on what the introductox’y 
college cheiidstry course should be fortifies the statemont^*-^ that no one 
knowv^ just what the introductory college chemistry course is at present, 

'The organisation of the Advisory Council on College Chcmistiy and its 
vigorous activity in setting up conferences and the rapid dispensing of 
the witings of the panel members to the interested educators implies that 
an attempt is being made to consolidate and organize the introductory college 
chemistry curx'iculura in such a manner as to give structure to the discipline 
of chemistry. These conferences have one common weakness, however 5 ivith 
few exceptions, the reports carry this theme, "The remainder of this report 
reflects something of the diversity of opinion expressed by the partici- 
pants, not cooperation, leather than indifference? 

Some ediicators recognize a number of forces in operation in our 
chemical educational environment. They recognize the flood of new informa- 
tion appearing in the chemical literature, especially that currently being 
published by the Advisory Council on College Chemistry and the American 
Chemical Society, and the rapid developments of complete new disciplines 
where there ms once a borderline. They recognd.ze the larger nmibers of 
students beginning the study of col 3 .ege chemistry and the fact that many 
of these students are. better prepared in terms of high school chemistry 
and mathematics. They recognize that more equipment is available for in- 
structional use in introductory college chemistry lecture and laboratory, 
and that with this equipment, some very sophisticated experiments and/or 
demonstrations can be moved from the upper grade levels or the graduate 

^^•Talter, p, 524* 
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level to the freshman level. Some of the chemistry educators are respond- 
ing to those forces by making an effort to bring their students in contact 
\d.th the frontier of chemistry and are making an effort to create for 
their students a sense of participation in the processes of chemistry. 

The revision of introductory college chemistry curricula, in response 
to the operation of some of these forces, was apparent in the discussions 
of George Hammond^^ and Charles Wilcox. Hammond and Wilcox, through 
their new innovations, are adding structure to the discipline of chemistryj 
and they are using the chemistry laboratory to accomplish the objective it 
should achieve— that is, to teach students execution and design of experi- 
ments. Wilcox is coordinating the laboratory content id-th lecture material. 
The recurring theme of Wilcox’s laboratory phase is "how to engineer an 
experiment." The curricula of Hamn^nd and Wilcox carry one common ingre- 
dient — ^the student uses and develops his rational pov/ers. 

Emphasis is being placed upon the coordination between chemistry 
teachers and those in other sciences vdLth a view toward reducing duplication 
and increasing the transfer of usefid principles and information. Edward 
C. Fuller and the Advisory Council on College Chemistry panel meiribers^7 
discussed the use of multidisciplinary courses as the vehicle to give 
structure to the discipline of chemistry and to give better learning by 
closely relating aspects of one discipline with a course in another. 

^^Hammond, p. 4G. 

^^vfilcox, p. 74. 

^^Educational Policies Commission, The Central Purpose of Ameidcan 
Education. Washington, D.C., NEA, 1962, p. 12. 

pp, 66-67. 
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Jolin Richards^-*-^ .feel.3 that in spite of tho improved academic pre- 
paration high school students generally have not had adequate laboratory 
experience. Richards suggested open-ended ejq^eriments to overcome this 
limitation. 

The cui'riculnm proposals on inti'oductory college chemistry, in gen- 
eral, ai'e coming from largo universities. One is impressed by the programs 
presented by these chemists on "how I do it"; but, on the other hand, one 
is puzaled as to what is happening in the othsr institutions of liigher 
education. Regardless of size of the inst:‘. tut ions, it appears that most 
educators agree that the development of a hard core of topics is necessary 
to guide what is to be taught in an introductory college chemistry course. 
The AG3 Committee on General Chemistry placed a tag on the controversy 

41 

regarding the selection of a core of topics, even though Young had laid ' 

the framework, when they wote: 

No attempt was made to outline a single introductory course. 

Rather, consideration was given to a number of specific topics 
and specific methods of instruction wliich might be appropriate 
for freshman chemistry and which are novf in limited operation. 
Hopefully, these suggestions i-dll stimulate further considera- 
tion of the methods and content of introductory chemistry. 

Nelson McKaine, Jr.,^-^^ pointed out some inherent wealoiesses common 

to many of the new course proposals: (l) The objectives of the course 

were not stated and (2) the courses do not consider the students for whom 

they are primarily intended. Also, many of the proposed courses make no 

mention of evaluation or, if it is mentioned, the criteria for evaluation 

are so elusive and lacking that one is left pondering. Motivation is 

constantly discussed but remains the unsolved problem. 

^{■%Iume, p. 53. 

^%aenisch, p. 4* 
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The problem then is this; Given the data which comprise the problems 
in chemistry and given recommendations for solutions, how can the members 
of the chemistry education profession resolve the personal differences in 
opinion regarding the application of chemical principles tox^mird the purpose 
of chemistry *s contribution to general education and achieve a structural 
pattern out of the chaos and indifference? Is such a trend evident? The 
evidence is far from conclusive that professional chemistry educators know 
what they are doing in introductory college chemistry. The findings from 
a soirvey of the teaching practices in introductory college chemistry, on 
the assumption that the data would indicate trends, could be of value to 
interested groups. Someone has said that chemistry is an experimental 
science; so too is its teaching. Granted that this statement is valid, 
why don*t chemists, as professiona.1 educators, get together someiiihat like 
the secondary school innovators, consolidate their differences, and struc- 
ture some introductory college chemistry courses around some stated behavior- 
al objectives, and then devise measures to assure whether or not these goals 
have been achieved? The ground rules for the selection and rejection of 
topics have been formulated as shown by the suggestions of Babor, Deming, 
Ifysels and Copeland, Cavelti, Nash and AC^, and Shotton as shown on 
pages 23, 24, 25, 26, 35> and 24, respectively. The goals and requirements 
of a good laboratory experiment were well defined by Adams, Summerbell and 
Richards in the discussions shown on pages 20, 42, and 53, respectively. 

The road map has been drawn; it is not time that chemistry educators build 
the ^ad. 



151»E(iitorially Speaking," p. 115. 



CHAPTER III 



DESIGN OF THE SURVEY. 

Selection of a Population 

The initial statament of the problem has shoim this investigation to 
be broad in scope. The purpose of the survey is to determine the p '^•sent 
objectives, methods, and materials used in teaching introductory college 
chemistry in selected accredited coJJLogos and universities. In oi'der to 
investigate the teaching practices used in introductoiT- co3J.ege chamistry 
courses, sending questionnaires to those instructors in American colleges 
and universities \;ho teach these courses uas necessary. Institutions 
listed in the Office of Education directoi’y^^^ defined the population. 

In general, the classification scheme of institutions of higher education 
vhich 1/as used in the questionnaire is the system 5ji current use by the 
United States Office of Education, 

CLASSIFICATION SCHEI4E: lAiiversity refers to those institutions vjhich 

give considerable stress to graduate instruction, which confer advanced 
degrees as v/ell as bachelor *s degrees in a variety of liberal arts fields, 
and v/hich have at 3.east tv;o professional schools that are not exclusively 
technological. College of Liberal, Arts refers to those institutions in 

15 ^ : 

Accredited I nstitutions of Higher Biucation , Washington: Ameri- 
can Council on Education, September, 1967. 
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j i) which tho principal emphasis is placed on a program of general undergrad- 

uate education, Jimior Colleges are institutions offering two-year pro- 

« 

grams of study beyond the level of the secondary school which can be 
credited tovrard a baccalaureate degree, Specialiaed Institutions is tho 
category which includes schools offering degree programs directed tov/ard 
one or more fields of specialization that are not attached to a liberal 
arts college or university. These institutions are usually adapted to 
such fields as technology, teacher education, and theology. 

Tiro United States Department of Health, Education and V7elfare Publi- 
cations (l) Opening FalJL EnrolJment in Higher Education . 1966 . and (2) 
Accredited Institutions of Higher Education (September, 196?) listed the 
following enrollment data for colleges and universities for tho fall 
semester of 1966: 



TABLE 1, THE 1966 FALL SMSTER ENROLUOTT 



Type of Accredited 
Institution 


Number 

(H) 


Enrollment 
Sept,, 1966 


Percent of 
Total 


Mean 

(M) 


1, Universities 


236 


2,753,5U 


47 


U,667.4 


2, liberal Arts 


793 


1,649,233 


28 


2 , 079.7 


3, Junior Colleges 


400 


1,081,250 


18 


1 , 703.1 


4. Specialized 


207 


410,849 


7 


1,984.7 


Total 


1,636 


5,894,845 


100 


3,603.2 



According to Neyman,^^^ the foregoing classification scheme suggested 



153 

J, Heyraan, "On the T;ro Different Aspects of the Representative 
Method," Journal of the Royal Statis t ical Society . 97. (1934) pp. 55^606, 
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a stratified-random sa^npling* V^henever a population, such as the total 
number of colleges and. universities, is divided into such categories £ind 
some kind of random sample is taken in each category, the sample is called 
3 - stratified sample; the categories from which the sample is dravm are 
cal 3 .ed strata ; and the process of dividing this population into categories 
is called stratification . After eliminating institutions knovm to bo 
closed or merged and deleting those colleges who offer gi'aduato work only, 
the final list of 1,636 institutions (Table 2 ) was made up from those 
lists in the 196 ? Accre-dited Institutions of Higher Education directoiy# 



TABLE 2 . NUJIBER OF ACCREDITED INSTITUTIONS OF HIGHER EDUCATION IN TIiS CON- 
THENTAL UNITED STATES IN 196 ?, OFmiNG INTRODUCTORY COLLEGE CHEMISTRY 



State 


Number of 
Institutions 


State 


Number of 
Institutions 


Alabama 


25 


• 

Nebraska 


16 


Arizona 


a 


Nevada 


1 


Arkansas 


17 


New Hampshire 


a 


California 


172 


Mew Jersey 


29 


CoJ.orado 


19 


Ne \7 Mexico 


10 


Connecticut 


22 


New York 


139 


Delaware 


3 


North Carolina 


55 


District of Columbia 


15 


North Dakota 


a 


Florida 


34 


Ohio 


53 


Georgia 


45 


Oklahoma 


25 


Idaho 


a 


Oregon 


27 


Illinois 


73 


Pennsylvania .• 


93 


Indiana 


31 


Rhode Island 


10 


Iowa 


35 


South Carolina 


22 


Kansas 


31 


South Dakota 


13 . 


Kentucky 


31 


Tennessee 


40 


Louisiana 


20 


Texas 


33 


Maine 


11 


Utah 


9 


Mai'yland 


35 


Vermont 


13 


Massachusetts 


67 


Virginia 


33 


l^tLchigan 


45 


V/ashington 


30 • 


Minnesota 


2 a 


West Virginia 


la 


Mississippi 


30 


Wisconsin 


30 . 


Missouri 


49 


Wyoming 


3 






TOTAL 


1,636 
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Stratification 

The siirvey ifas made on the basis of a sample drav/n' at random from 
1,636 accredited institutions apparently in operation at the time# The - 
first step used in designing the sample was to group the 1,636 in3tit^^• 
tions into four type strata of Nj^, N2, N^, and Nj|^# In stratified sampling, 
the population of N units (1,636 institutions) is first divided into sub- 
populations of Ni, N2 , # • . , Nl units respectively# Tliese subpopulations 
are non-overlapping and together they comprise the whole of the population 
so that 



N = + N2 + N3 + N; 

All institutions in l5he population ** 1,636 
To obtain the full benefit from stratification, the values of Wh (h = the 
population values of N^, M2, N3, and Nji^, respectively) must be known# 

VJhen the stx'ata had been determined, a sample was drawn from each stratum, 
the drawjig made independently in different strata# The sample sizes 
within the strata were denoted by n^^, n2, .#., nj^, respectively. The four 
strata were based on size, the 236 largest institutions (1966 fall enroll- 
ment) in group I5 the AOO smallest in group 4* These classifications were 
a compromise between the desire to repoi't the most meaningful statistics 
and the practical need for holding categories to a minimum in order to 
facilitate and minimize the task of securing infoimiation by sampling 
methods# 

According to Cochran, stratification may bring about a gain in 
precision in the estimates of the whole population# The basic idea is to 
determine the status of introductory chemistry "vrithin each stratum as well 



^^^I’Jllliam G# Cochran, Santpling Technique # Mew York: John V/iley 

and Sons, Inc#, 1953 > P* 65# " 
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as the status for the whole population. This method of stratification was 
selected as the data for the subdivisions of the population (Table l) v/ers 
known and as sampling problems may differ markedly in different parts of. 
the population. Sampling was feasible because lists of institutions (Ta- 
bles 1 and 2 ) were available, as were enrol3jnent statistics for practical- 
ly all institutions for the 1966-6? school year. 

According to Comell,^^^ (in the principle of optimum allocation) the 
allocation of sample size in the respective strata for a fixed total sam- 
ple size requires the fewest cases to yield a given level of reliability 
if they are distributed among strata in proportion to the product of the 
number of colleges in a given population (universe) stratum. The decision 
to use the method of optimum allocation to determine sample size was based 
upon the fact that data was available (Table l) which would allow the de-' 
termination of allocations. The availability of enrollment data, accoixi- 
Ing to Cornell, permits a gain in efficiency of design through stratifica- 
tions. Sampling was necessary because limited resources were available 
and resTilts were desired as quickly as possible. 




Types of Estimates to bo Used 

The formulas to be used for the calculation of estimates from each 
classification of institution were selected from Cornell^^^ and Cochran.^^*^ 
These researchers have developed the statistics for studies vrhich utilized 
the method of stratified random samp!)J.ng. The formula selected, adapted 



G. Cornell, "A Stratified-Random Sample of a Small Finite Pop-, 
ulation,” Journal of American Statistical Association . A2 (194?) P* 5 ^ 3 * 

156. 



157 



Ibid. 

Cochran, p. 6?. 
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from Cornell,^^^ is: 





Z 

i -1 





where is the estimated total enrollment of all institutions in all L 
(Ir=4) strata of institutions, N is the total nimiber of institutions in the 
universe or population; ^ is the total number of institutions in the hth 
stratum; n is the number of institutions in the sample from all strata; nj^ 
is the number of institutions in the sample *s hth stratum; and is the 

enrollment of the ith institution in the hth stratum. The symbol ^ is 
used to denote an estimate of the population characteristic from the sample 



Notation 

The suffix h denotes the stratum and i the enrollment within the 
stratum. The folloraig symbols all refer to stratum h. (Capital letters 
refer to characteristics of the population and lower letters refer to 
those of the sample ). 

Njj = total number of institutions in the hth stratum of the 
population. ” 

njj = number of institutions within each hth stratum of the sample, 
^hi ~ enrollment of the ith institution in the hth stratum. 



% 

Z 






Nh 



true mean 



( 2 ) 



“h - 

== sample mean ( 3 ) 



15s, 



Cornell, p. 523* 
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Nv 



- .2 



Sh' 



^ 2 (yhi - Yh) 
2^ i==l 



Nu - X 



- true variance 



( 4 ) 



Sjj =» stratum standard deviation 

For the population mean per unit, yg^ (st for stratified), Cochran**^9 
suggests the formula 



7st = 



L 

2 ,% 

h=X 

N 



( 5 ) 



as the simplest typo of estimate appropriate to stratified sampling, where 
N = % + + ... + %. 



Determining the Size of the Sample 
The problem of optimum allocation, the allocation of sample size in 
the respective strata for a fixed total sample size when the sampling • 



variance is minimum, concerns the choice of the sample sizes in the 
respective strata. In stratified random sampling, according to Cochran, 
the variance of the estimated mean y^^ is the smallest for a fixed total 
size of sample, if the sample is allocated irith nj^ pi'oportional to 
Cochran gives the formula belov/ to show that the sample size in a stratum 
should be proportional to the product of the size of the stratum and the 
standard deviation of the stratum, or, in other xrords, that the sampling 
fraction shoxild be propox'tional to the Nj^ standard deviation (Apperi- 



dlx B): ' 

Hh ~ n ^h^h 




159 . 



Cochran, p. 32 , 



160 



Ibid. 
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An expression for the minimum variance, V, is obtained by substi- 
tuting the values of ^ given by formula (6) into the general formula, 
developed by Cornell (1947),^^^ for V(ygt), where 



The method of optimum allocation requires advance estimates of the 
stratum standard deviation Sjj# Tlie estimate of the standard deviation was 
obtained from the data shoi/n in Tables 1 and 3* The stratum standard 
deviation was calculated by talcing the square root of the true variance 
equation (Equation 4) to yield 



given level of reliability if they are distributed among strata in propor- 
tion to %Sj^; that is, 

nh « NhSh 
••••• 



L 



2 




(7) 



to give 



V min (ygt) = I ( Z WhSh)^ - 1 2 Nj,(S ^)2 



n u-i 



( 8 ) 




(9) 




2 HhSh 



( 10 ) 







(u) 



^°WneU, p. 526, 
'^Cochran, p. 65* 
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xhero n is the number of institutions in the sample from all strata^ i.e.j 

( 12 ) 



I. 

n « 2 nh 
h»l 



!Dio fowiula for detemining n was derived by Cochran^^^ ftom Equations 8, 
11^ and 12: 



L 

(2 NhSh)' 

h^l 



(13) 



V+ NhSh 
• h=l 



or, simplifying. 



„-JLLS£hj: 



(u) 



V +2 

Since the equations for the variances of the estimated mean, Bqua- 

4 

tions (l) and (2), contain both the nj^ and the Sjj, sample size was not 
determined until advance estimates of the Sjj wore available and some de- 
cision about allocation was made. In this survey, the standard error was 
not set. instead, the coefficient of variation (C.V. ) adapted from Cop- 
nell,^^^ was sot as foUovra:' 

** 8 ~ 0.05 =* V (true variance) (15) 

S 

This formula was used since Cornell had shown that the variance of 
the estimate of -oho enrollments, Q s , in formula (l) was equivalent to 
L 



I , iSh-glu • 

1f* 1 nj^ Nh — 1 . 



( 16 ) 



or the desired variance, V, equals the square of the desired standard 
error, (T* 3^. 



^^^Cochran, p. 66. 

^^Comell, p. 526. 
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Since the investigator is more vriJJjjig to accept false data than 

reject true data, the desired limit of error was set at' five percent. 

Thus the desired standard error, according to Equation (15), is 0,05 x S, 

where S is the total enrollment of all desired institutions, so that the 

2 

desired variance is V =* 0,0025 x S , It may be objected that enrollments 
will presumably be greater in 196? than 1966 and that allowance should be 
made for this increase. Actually, the calculations assume only that ths 
coefficient of variation (CV) per college remains the same in 196? — an 
assumption ivhich may be questionable; but, because of the availability or 
unavailability of data in September, 1967, the investigator was forced to 
make it. Hence, Equation (!/}.) was applied in the foUox/ing form: 



n 



-( 2-WhSh): 



3 - (17) 

0,0025 S'" + 

The allocation using equation (15) was based upon enrollments in the faJJ. 
of 1966, 



TABLE 3. ANALYSIS OF 1966 EtTROLLMENT STATISTICS ON BASIS OF V^ICH ALLO- 
CATION OF. CASES WAS ME AMONG FOUR STRATA OF COLLEGES AND UNIVERSITIES 



Stratum 


h 


S 


Sh 


NhSh 


NhSh^ 


nh 


( 1 ) 


( 2 ) 


.. (3) 


(4) 


(5) 


( 6 ) 


(7) 


Universities 


236 


2 , 753 , 5U 


10,401 


2,454,634 


25,530,623,683 


130 


Liberal Arts 


793 


1,649,232 


2,885 


2,287,805 


6,599,8U,781 


121 


Junior Colleges 


400 


1,081,250 


3,534 


1,U3,600 


4,996,312,677 


75 


Specialized 


207 


410,849 


2,273 


470,511 


1,069,066,925 


25 


Total 1, 


,636 


• 




6,626,466 


38,195,818,071 


351 

1 



Allocation Procedure Illustrated 

The allocation procedure is illustrated below. The 1966 fall total 
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enrollment for the 1,636 institutions, S, was 5,^94,S45. Table 3 shows ' 
the other data i/hich are needed to solve Equation (9). 

n = = A3J1U516WA01 ,0 no - 00 

0.0025x5894845 + 38196120364 86872993935 + 38196120364 351.09 - 351 

This number is distributed according to Equation (17) by means of the NhS^ 

values of strata 5, column 5, of Table 3. The results of the selection of 

sample size in each stratum fi*om (17) are as follows: 



ni(lkiiversities ) 


= 351 X 2454633 = 129.87 =• 130 
6^26549 


n2(ld.beral Arts) 


= 351 X 2287805 121,09 = 121 

?626549 


n^ (Junior Colleges) 


= 351x1^600= 74.76 = 75 
. 3626549 


n/,. (specialized) 


= 351 X 470511 = 2/1.92 = 25 
362S549 



The results, after rounding to whole numbers, appear in column 7 of Table 

3. 

The statistical calculations for sample size as shoim in Table 3 at ‘ 
the five percent limit of error, resulted in the acceptance of 120 univer- 
sities, 12i liberal arts colleges, 25 junior colleges, and ^ specialized 
institutions; a total of 351 colleges and universities as the vdiole sample# 

Selection of Sample 

The accredited institutions of higher education, iTithin a given stra- 
tum, were arranged in alphabetical order and were assigned numbers# The 
desired number of colleges vdthin each stratum was selected by dra^dug a 
sample using a table of random numbers# 

165 . . 

Wilfrid J# Dixon and Frank J# Massey, Jr#, Introduction to Statis- 
tical Analysis # Nei/ York: McGraw and Hill Book Company, Inc#, 1951, 

pp# 290-294. 



In practice, the simple randora sample was dratm unit by unit# The 
units in the population (from each state) were numbered* from 1 to Njj# A 
series of random manbers between 1 and were dravm by means of a table 



that is, a number that had been draim previously was ignored since there 
seemed little point in having the same \mit twice In the sample. 

Efficiency Gained by Stratification 
Vttthin the Four ^e Categories 

At this point it is of significance to note the efficiency vMch 
results from the sti*atified-random design with optimum allocation as des- 
cribed above. According to Comell,^^'^ the usual means of determining the 
efficiency of a stratified sample is a comparison Tfith an unrestricted 
random sample (simple random sample). If there was no stratification, 
that is to say, if all colleges and universities had been lumped together 
lath the same typo of estimate as in Equation (l), all institutions would, 
in effect, become one single stratum and the variance of the estimated 
total enrollment, a.ccording to Cornell, would bo calculated from the 
foUoidng equation^ 



Substituting the proper values into Equation ( 18 ) from the data in Table 



of random numbers. The sampling described was without replacement j 




(IS) 



3 , page 69 yields the folLoiang value for 
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Tho variance for all I636 colleges and universities ^ as shovm by Equation 
14> is 86872993935# Tho desired stratified-randoa design was geared id n 
standard error of 294>742 or a variance of (294,47^2)^, which is approxi- 
mately 87,000,000,CX)0, 

The simple random sample variance, using Equation (18) was calculated 
to bo approximately 206,000,000,000. According to Comell,^^^ tho strati- 
fied plan nsed in the survey is or 2.3 times as efficient 

as tho unrestricted random design would have been. Hio number of oasos 
required on a random basis to produce tho desired standard error of 
294,742 Y70uld, according to Cochran, bo Hq = where is a satis- 

factory appwximation to the n of Equation (18). Substituting tho data 
from Table 3 into the equation yields a value of 1154« 

Since the fraction ^ is appreciable (that is, (JJ2) equals ^ 0#?l) 
the foUoi/ing equation, adapted fi'om Cochran, was used) 



no 



n = 1 + no 

r 

Substitution of the n^ value into Equation (19) yields « 
1154 



(19) 



n 



1 + U. 



i 
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= 675. 



The sample siae of 675 would have required 41 percent of tho I636 cases# 



Administration and Distribution of the Questionnaire 
Tho questionnaire was mailed to college professors who teach the 
introductory college chemistry courses and a stamped, self— addressed 



169 

170, 

171 



Ibid., p. 526. 
Cochran, p. 52. 
Ibid. 
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envolopo i/as enclosed# Thero were two foUov;-up3 to each questionnaire# 

The first was in the form of a letter idth an attached postal card. The 
addressee was informed that a completed questionnaire had not been re- 
ceived from his institution, but i/as greatly desired# The accompanying 
self-addressed, return postal card contained statements to bo checked by 
the recipient indicating disposal of the questionnaire# The card contain- 
ed statements which a non-respondent could check to give reasons why ho 
did not participate in the survey# Later, a letter signed by the investi- 
gator, was sent vdth a duplicate questionnaire to those who had not re- 
plied# A fair response to the appeal for completed questionnaires t/as had. 
Returns vrere received from colleges in all parts of the United States and 
from all four cl-assifications# Oiily one questionnaire was returned which 
i;as not completed; two were returned about two- thirds completed and four " 
were returned by the respondents indicating their courses do not corres- 
pond to the objectives of the survey# The tabulations of all data from 
completed questionnaires were made idth the exception of some few individ- 
ual suggestions and/or criticisms regarding procedure and materials which 
the investigator felt was not germane to the survey findings# 



Characteristics of the Distribution 
A distribution of the returns by state and classification is present- 
ed in Tables 4> 5, and 6# Those data show the number of institutions in 
each state to i/nich questionnaires were sent, the number of completed 
returns received, and the percentage of return# 

According to Garland G, Parker,^*^^ there are more than 2,100 
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Garland G. Parker, "Statistics of Attendance in American 
Iftiiversities and Co3J.eges, 1966-67," School and Society . January 7, 1967# 
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institutions of higher education in the United States. The exclusion of 
graduate schools, medipal schools, some theological schools, non-accredit- 
ed institutions, and other institutions that do not offer first-year 
college chemistry from the total number of institutions resulted in the 
selection of 1,636 colleges and universities as the population. 



TABLE h. DISTRIBUTIOJ OP QUESTIONNAIRES RECEIVED FROM HJSTITUTiaNS BI 
STATES 






9 

State 


Number 

Sent 


Number 

Returned 


Percentage 

Return 


Alabama 


a 


4 


50 


Arisona 


1 


0 


0 


Arkansas 


2. 


2 


100 


California 


32 


17 


53 


Colorado 


3 


3 


100 


Connecticut 


7 


4 


57 


Delaware 


1 


1 


100 


District of Columbia 


2 


2 


100 


Florida 


6 


4 


67 


Georgia 


12 


U 


92 


Idaho 


2 


2 


100 


Illinois 


23 


16 


70 


3Cndiana ' 


8 


4 


50 


Iowa 


4 


2 


50 


Kansas 


7 


4 


57 


Kentucky 


11 


3 


27 


Louisiana 


4 


3 


75 


Maine 


2 


2 


100 


JIaryland 


4 


3 


75 


Massachusetts 


U 


9 


64 


Michigan 


9 


8 


89 


Minnesota 


5 


5 


100 * 


Mississippi 


6 


4 


67 


Missouri 


7 


4 


57 


Montana 


1 


0 


0 


Nebraska 


6 


4 


67 


New Hampshire 


2 


1 


50 . » 


Nevada 


1 


1 


100 


New Jersey 


7 


4 


57 


New Mexico 


2 


0 


0 


Net; York 


27 


8 


30 


North Carolina 


8 


4 


50 
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TABLE 4. DISTRIBUTION OF QUESTiaWAIRES RECEIVED FROM BISTITUTIONS BT 
STATES 

(Continued) . 



State 


Number 

Sent 


Number 

Returned 


Percentage 

Return 


North Dakota 


1 


0 


0 


Ohio 


18 


6 


33 


Oklahoma 


7 


5 


71 


Oregon 


7 


4 


57 


Pennsylvania 


19 


10 


53 


Rhode Island 


1 


0 


0 


South Carolina -. 


5 


2 


40 


South Dakota 


4 


4 


100 


Tennessee 


10 


8 


• 80 


Texas 


15 


10 


67 


Utah 


2 


0 


0 


Vermont 


1 


1 


100 


Virginia 


9 


8 


89 


Washington 


8 


6 


67 


West Virginia 


5 


4 


80 


V/isconsin 


5 


5 


100 


Vfyoming 


0 


0 


0 - 


TOTAL AHD 

MEAH PERCENTAGE EErURM 


351 


212 


60.4 



The data in Table 4 indicate that the response to the questionnaire 
\I3.3 geographically distributed. There are no returns fl*om six states: 
Arizona, Montana, Nei/ Mexico, North Dakota, Rhode Island and Utah# From 
colleges and universities in Arkansas, Colorado, Delaifare, District of 
Columbia, Idaho, JIaine, l-tinnesota, Nevada, South Dal<ota, Vermont, and 
V/isconsin, 100 percent of the questionnaires were completed and returned# 
From institutions in Georgia, Illinois, Louisiana, Maryland, Michigan, 
Oklahoma, Tennessee, Virginia, and West Vii'ginia, 70 to 92 percent Yjere 
returned# Colleges from 18 states returned 50 to 67 percent of the 
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questionnaires# Institutions from the r^naining 4 states returned from 
27 to 40 percent. • 

Sampling by Classification of Institutions 
The distribution of institutions by classification returning ques- 
tionnaires is shown in Table 5# The classifications used in the question- 
naire . re those used by the Ignited States Office of Education: 1. uni- 

versities, 2. liberal arts colleges, 3* junior colleges, and 4# special- 
ized institutions. Space \rsL3 provided in the questionnaire for indicating 
classification. 



TABLE 5. DISTRIBUTOT OF QUESTIOTAIRES RECEIVED BY CIASSIFICATim 







Classification of Institutions 


state 


Total 

Returns 


Universities 


Liberal 

Arts 


Junior 

Colleges 


Specialized 

Institutions 


Alabama 


4 


1 


3 


0 


0 


Arizona 


0 


0 


0 


0 


0 


Arkansas 


2 


1 


1 


0 


0 


California 


17 


3 


6 


9 


0 


Colorado 


3 


2 


0 


1 


0 


Connecticut 


4 


3 


1 


0 


0 


Delaware 


1 


1 


0 


0 


0 


District of 
Columbia 


2 


1 . 


1 


0 


0 


Florida 


4 


4 


0 


0 


0 


Georgia 


11 


0 


4 


7 


0 


Idaho 


2 


2 


0 


0 


0 


minois 


16 


5 


3 


5 


3 


Indiana 


4 


0 


3 


0 


1 


Iowa 


2 


1 


1 


0 


0 


Kansas 


4 


2 


1 


1 


0 


Kentucky 


3 


3 


0 


0 


0 


liaine 


2 


1 


0 


1 


0 


Maryland 1 


3 


1 


2 


0 


0 


Massachusetts 


9 


2 


5 


1 


1 
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TABLE 5. DISTRIBUTIOJ OF QUESTIOMAIRES RECEIVED BY CIASSIFICATIOM 
(Continued) 



State 


• 


Classification of Institutions 


Total 

Returns 


Liberal 

Universities Arts 


Junior 

Colleges 


Specialized 

Institutions 


Michigan 


8 


5 


2 


1 


0 


Minnesota 


5 


0 


4 


1 


0 


I'Essissippi 


4 


1 


0 


3 


0 


I^Lssouri 


4 


2 


2 


0 


0 


Montana 


0 


0 


0 


0 


0 


Nebraska 


4 


1 


3 


0 


0 


Ne;/ Hampshire 


1 


1 


0 


0 


0 


Nevada 


1 


1 


0 


0 


0 


New Jersey 


4 


2 


0 


0 


2 


New Mexico 


0 


0 


0 


0 


0 


Nev/ York 


8 


4 


2 


1 


1 


North Carolina 


4 


1 


3 


0 


0 


North Dakota 


0 


0 


0 


0 


0 


Ohio . 


6 


1 


5 


0 


0 


Oklahoma 


5 


2 


1 


2 


0 


Oregon 


4 


3 


0 


0 


1 


Pennsylvania 


10 


4 


3 


1 


2 


Rhode Island 


0 


0 


0 


0 


0 


South Carolina. 


2 


1 


1 


0 


0. 


South Dalcota 


4 


2 


1 


0 


1 


Tennessee 


8 


2 


5 


1 


0 


Texas 


10 


6 


2 


2 


0 


Utah 


0 


0 


0 


0 


0 


Vermont 


1 


0 


1 


0 


0 


Virginia 


8 


2 


4 


2 


0 


V/ashington 


6 


4 


1 


1 


^ 0 


West Virginia 


4 


2 


2 


0 


0 


Wisconsin 


5 


2 


3 


0 


0 


Wyoming 


0 • 


0 


0 


0 


0 


TOTAL 


212 


82 


77 


41 


12 




There are 212 completed questionnaires in the survey, of i;hich 82 * ' 
were received from universities, 77 from liberal arts colleges, 41 from 
junior colleges, and 12 from specialized institutions* From instiWbions 






in the four classifications, 63 percent were received from universities- 
64 percent from JJLberal arts colleges, 55 percent from junior colleges, 
and 4^ percent from specialized institutions. 

A fair distribution (see Tables 4> 5 and 6) of colleges, both as to 
geographical location and classification represented, was obtained. !I3io 
distribution by classification and by state is presented to show the gen- 
eral coverage of the survey and not for statistical justification. 



TABLE 6. DISTRIBUTION OF QUESTIONNAIRES RECEIVED FROM BISTITUTIOTS BX 
CLASSIFICATION 



% 

Classification 


Number- 

Sent 


Number 

Returned 


Nmber 

Applicable 


Per Cent 
Returned 


1. Universities 


130 


B4* 


82 


63 


2. L5.beral Arts 


121 


77 


77 


64 


3. Junior Colleges 


75 


41 


41 


55 


4. Specialized 


25 




12 


48 


TOTAI. 


351 


215 


212 


60 



•*^010 university questionnaire X7as 2/3 complete and one university offered 
multidivorsity course that did not apply. 

-"-^'General Chend.stry was part of General Science Course. 



The Plan of Presentation of Data 

The results of the survey will be presented in forthcoming tables 
which irf.il describe the number and characteristics of the introductory 
college chemistry coui»ses, the professional training of those professors 
who teach these courses, the objectives of the introductory college chem- 
istry courses, the individual methods used by college pi’ofessors to eval- 
uate the courses and the materials and methods used in teaching 
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introductory college chenistry, Tliese summations of data foHov/, in gen- 
eral, the outline as presented in the questionnaire. The topics are 

listed under six divisions, including twenty subdivisions^ namely, 

1. TVhat are the characteristics of the introductory college chemistry 
courses in relation to: 
a, the number of different course titles# 
b# the number of different couz'ses per college or university# 
c# the course prerequisites# 

d# the number of semester hours per introductory course per year# 

2# I’Jhat is the student *s high school chemistry experience prior to enroll— 

« 

ment in introductory college chemistry? 

3# percent of the introductory college chemistry students eventually 

major in chemistry? 

4# V/hat is the academic background and field specialization of college 
professors who are responsible for teaching introductory college 
chemistry? 

5* Vfliat is the professional training and responsibilities of student 
assistants? 

6# What is the typical introductory college com’se(s) being offered? 

7. VJhat is the teacher reaction to the utility of the current available 
textbooks and laboratory manu^s? 

8# Wliat is teacher opinion as to what the Introductory college chemistry 
course should be? 

9. Have new introductory chemistiy courses been added the past two years? 

10# Has textbook change or revision and/or laboratory exercise changes or 
revision in the introductory chemistry course occurred in the last 
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two years? 

11. Vfliat is the nature of the nw course when coapared* to the oM course? 

Q 

12. VJhat is the descx'iption of the introductory college chemistry labora- 
tory with respect to: 

a. description of laboratory manual or text in use. 

b. typo of pre-laboi’atory instruction. 

c. how students handle experimental data. 

d. what typo of laboratory reports is expected of introductory col- 
lege chemistry students? 

< 

13# V^at provisions are made to challenge academically prepared students, 

% 

i.e., honors courses, independent study, conference study or sessions, 
advanced placement? V/liat is the nature of the honors course? How 
are the students selected? I’Jhat is the teacher rating in regard to 
best method of selection? VJhat is the natxire of independent study? 

Do current texts meet the heeds of an honor course or independent 
study? VJhat is the best description of the conference study or ses- 
sion? Vfliat is the nature of advanced placement? If no provisions 
are made for the academically talented student, what factors are 

given for non-participation? 

« 

14. Vfliat are tho current objectives and aims of the introductory college 
chemistry course, especially the first five choices? 

15. Hov/ are introductory college chemistry students and co\irses evaluated? 

16. VJhat supplementary materials, equipment, outside materials, method- 
ology and techniques are being used to assist in the teaching of 
introductory colJLege chemistry? 

17. ^^at do college professors feel to be tho major limiting factors that 
tend to reduce student interest in introductory college chemistry? 
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18# ^Vhat do college professors feel to be the chief factors responsible 
for alteration in; introductory college chemistry courses? 

19* hhat are the selected topics currently being taught in introductory 
college chemistry? 

20. How do the findings of the survey compare Tfith the suggestions that 

have been offered by the Advisory Council on College Chemistry? 

Responses on the questionnaire were entered on punch cards; the data 

was normalized to a semester basis; a computer program was written and the 

data was then correlated on an IBIi 1110 Computer. 

The t-^^test was used to determine whether there is a significant dif- 
% 

ference in the practices, opinions, or methodologies of the four classifi- 
cations of the population. In general, the statistical measures employed 
were: per cent; the mean; the standard deviation of the mean; the stand- 
ard error of difference between the two uncorrelated means; and the criti- 
cal ratio (t-test). Since the investigator is more idlling to accept 
false data than reject true data, the five percent level of significance 
was chosen as criterion. 

As a basis for discussion, vjhen seventy-five percent of the replies 
are in aguement, the objective or statement is taken as generally accept- 
ed; and, when sixty-seven percent agree, there is a sufficient majority 
to say that the objective is accepted by most professors. A percentage 
of fifty-five to sixty-six indicates only possible acceptance; conversely, 

a response of less than thirty-three percent indicates a rejection or 

• • 

low usage. A variation of « 5 percent was allowed in each instance. 



CHAPTER IV 



DESCRIPTION OF INTRODUCTORY COLLEGE CHEMISTRI 
COURSES OFFERED IN INSTITUTIONS 

Courses in introductory college chemistry offered in the 212 insti- 
tutions surveyed are described in this chapter* The description is based 
on data obtained from Part I of the questionnaire. Space was provided 
for listing prerequisite courses, course enrollment, as well as the 
semester hours credit in the different introductory courses offered. 

Many Instructors either submitted pages from the college catalog or sent 
catalogs descriying introductory courses offered. There is a great 
variation in the titles as well as in the description of the courses. 

The Advisory Council on College Chemistry, in 1964# suggested that 
a term other than ‘'General Chemistry" be used to describe the intjxxiuc- 
tory college chemistry course. Possible substitutes which were found 
included, "Fundamentals of Chemistry," "First-year College Chemistry," 
"Introductory Chemistry," or "Elementary Chemistry." Institutions are 
showing evidences of changing course titles, but only a few are using 
the suggested descriptions. The term "General Chemistry" still pre- 
vails as the most popular course name for first-year college chemistry. 
(Table 7> statement 15). 

Titles of Introductory College Courses 

The diversity of titles shown in Table 7 suggests that numerous 
changes are taking place in the introductory college chemistry curric- 
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TABLE 7, THE NUMBER OF DIFFERENT COURSE TITLES OF INTRODUCTORY 
CHEMISTRY COURSES 



No, of Courses under each Title 




IMiv, 


L,A, 


J,C, 


S,I, 


Total 


1, Analytical Chemistry 


0 


0 


1 


0 


1 


2, Atoms, Molecules, and Ions 


0 


1 


0 


0 


1 


3* Basic Principles of Modem Chemistry 


1 


0 


0 


0 


1 


4# Beginning Chemistry 


0 


0 


2 


0 


2 


5. Chemistry 


2 


1 


4 


1 


8 


6, Chemistry Laboratory Techniques 


1 


0 


0 


0 


1 


7. Chemical Periodicity 

8, Chemical Principles and Introductory 


1 


0 


0 


0 


1 


Analysis 


0 


1 


0 


0 


1 


9* Chemistry- Physics 


1 


0 


0 


0 


1 


10, Chemistry Survey 


0 


1 


0 


0 


1 


11, College Chemistry 


0 


0 


1 


0 


1 


12, Elements of Chemistry 


0 


0 


1 


0 


1 


13* Fundamentals of Chemistry 


3 


5 


1 


0 


9 


14# Foundations of Chemistry 


1 


0 


0 


0 


1 


15# General Chemistry 


99 


61 


32 


11 


203 


16, General Chemistry for Engineers 


0 


0 


0 


1 


1 


17* General Chemistry with Analysis 
18, General Chemistry and Qualitative 


0 


0 


0 


1 


1 


Analysis 


1 


1 


1 


0 


3 


19# General Inorganic Chemistry 


0 


0 


3 


1 


4 


20, General and Physical Chemistry 


1 


0 


0 


0 


1 


21, Inorganic Analysis 


0 


1 


0 


0 


1 


22, Inorganic Chemistry 

23. Inorganic Chemistry and Qualitative 


7 


12 


2 


1 


22 


Analysis 


0 


2 


0 


0 


2 


24. Intermediate General Chemistry 


0 


0 


0 


1 


1 


25. Ionic Reactions of Equilibria 

26, Integrated Sequence of Undergraduate 


1 


0 


0 


0 


1 


Chemistry 

27. Introduction to Chemistry (Intro- 


1 


0 


0 


0 


1 


ductory Chemistry)' 


13 


5 


2 


1 


21 


28, Introduction to Chemistry and Physics 


0 


1 


0 


0 


1 


29. Introductory Inorganic Chemistry 


0 


0 


2 


0 


2 


30, Organic Chemistry 


1 


0 


2 


0 


3 


31. Principles of Chemistry 


10 


5 


0 


0 


15 


32, Principles of Chemistry for Engineers 


1 


0 


0 


0 


1 


33* Quantitative Analysis 


4 


1 


2 


0 


7 


34* Semimicroqualitative Analysis 


2 


1 


3 


0 


6 


35. Solution Chemistry 


0 


0 


1 


0 


1 


36 , Special Topics in Chemistry 


1 


0 


0 


0 


1 


37* Structure and Bonding 


1 


0 


0 


0 


1 


38 , Survey of Organic Chemistry 

39. The Role of Chemistry in the Con- 


0 


0 


1 


0 


1 


temporary World 


1 


0 


0 


0 


1 


TOTAL 


154 


99 


61 


18 


332 
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TABI£ 8. NUMBER AND FERCMT OF INIRODUCTORT COmSE CHEHISm COURSES 
OFFERED BT INSTlTUTIOiS AND STUDENT ENROLLMENT 







Number and Percent of Courses 




Total No. 








Four or 


Institutions 


of 


0a9 


Two 


Hires 


More 




Courses 


Course 


Courses 


Courses 


Courses 






No. % 


No. % 


No. % 


No. % 


1. Uhlversitles 


154 


32 39 


28 34 


15 18 


5 5 


2. liberal Arts 


99 


56 72 


20 25 


1 1 


0 0 


3* Junior Colleges 61 


26 63 


10 24 


5 12 


0 0 


4. Specialized 


18 


7 58 


4 33 


1 8 


0 0 


Total 


332 


121 


62 


22 


5 


Mean Percent 




57 


30 


10 


2 












Four or 




Enrollment 


One 


Two 


Three 


More 


Institutions 


per Year 


Course 


Courses 


Courses 


Courses 


1, Ifoiversities^ 


0-100 


2 


0 


0 


0 




101-200 


8 


2 


2 


0 




201-300 


3 


8 


1 


0 




301-400 


7 


3 


0 


0 




401-500 


3 


3 


0 


0 




501-1000 


5 


7 


2 


0 




1001-2000 


3 


5 


6 


1 




2001-3000 


1 


0 


4 


3 




> 5000 


0 


0 


0 


1 


2. liberal Arts^ 


6-100 


35 


7 


0 


0 


. 


101-200 


13 


8 


0 


0 




201-300 


2 


1 


1 


0 • 




301-400 


3 


1 


0 


0 




401-500 


1 


0 


0 


0 




501-1000 


2 


1 


0 


0 




1001-2000 


0 


0 


0 


0 




2001-3000 


0 


0 


0 


0 




> 5000 


0 


0 


0 


0 


3. Junior Colleges 


0-100 


16 


4 


0 


0 




101-200 


9 


1 


1 


0 




201-300 


0 


0 


0 


0 



TABLE 8, (Continued) 
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k 

Institutions 


Enrollment 
per Tear 


One 

Course 


Two 

Courses 


Ihree 

Courses 


Four or 

More 

Courses 


3. Junior Colleges 301-400 


- f 

1 


2 


2 


0 


(Continued) 


401-500 


0 


0 


0 


0 




501-1000 


0 


0 


1 


0 




1001-2000. 


0 


0 


1 


0 




2001-3000 


0 


0 


0 


0 




> 5000 


0 


0 


0 


0 


4< Specialized 


0-100 


3 


1 


0 


0 




101-200 


2 


1 


0 


0 




201-300 


1 


0 


0 


0 




301-400 


0 


1 


1 


0 




401-500 


0 


0 


0 


0 




501-1000 


1 


1 


0 


0 




1001-2000 


0 


0 


0 


0 




2001-3000 


0 


0 


0 


0 




> 5000 


0 


0 


0 


0 


All Institutions^ 


0-100 


55 


10 


0 


0 




101-200 


32 


12 


3 


0 




201-300 


6 


9 


2 


0 




301-400 


U 


7 


3 


0. 




401-500 


4 


3 


0 


0 




501-1000 


8 


9 


4 


0 




1001-2000 


3 


5 


7 


1 




2001-3000 


1 


0 


4 


3 




> 5000 


0 


0 


0 


1 


Q 

Total Number of Courses 


120 


55 


23 


5 



^Two university respondents listed the number of courses but failed 
to list the course enrollment* 

^Two Liberal Arts respondents listed the number of courses offered 
but failed to list the course enrollment. 

^Three junior college respondents listed the number of courses but 
neglected to list the course enrollment. 

^Seven institutions failed to list the student enrollment. 



®The total number of courses does not include the 29 courses from 
the seven institutions which failed to list the student enrollment for 
their respective institutions. 
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{ ) ciiluni. The 212 institutions surveyed offer a total of 332 introductory 

college chemistry courses excluding the course designed for non-science 
majors* An analysis of the data in Table 7 reflect the following sub- 
division in regard to course titless 203 (6l per cent) of the courses 
were designated General Chemistry » 22 (six per cent) were designated 
Inorganic Chemistry * 21 (six per cent) were designated .Introduction 
Chemistry , and 15 (five per cent) were designated Principles of Chml^- 
try ; the remaining 71 (22 per cent) included a total of 35 different 
course titles* 

Courses Offered, Course Prerequisites, 
and Student Preparation 

The s\3m of the percentages listed in the "two courses,” "three 
courses," and the "four or more courses" columns in Table 8 for each 
category of institutions responding reflect the following data with 
respect to the number of different first-year college chemistry courses 
offered: 57 per cent of the universities, 26 per cent of the liberal 

arts colleges, 36 per cent of the junior colleges, and 41 per cent of 
the specialized institutions offered two or more introductory college 
chemistry courses for science majors. The majority of the liberal arts 
colleges and junior colleges offer one introductory college chemistry 
course which is specifically designed for science majors as evidenced 
by the data in the "one course" column of Table 8 which shows a response 
offering of 56 of 77 and 26 of 41, respectively* 

To determine if the number of courses offered in the institutions 
surveyed is a function of the number of students enrolled in the first— 
i ^ year college chemistry coirrse at a given institution, the data from the 
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Number of Colleges Offering Courses per fear 



One Course 



a? 



36 - 
34 ■ 
32 - 
30 - 
28 - 
26 - 
24 - 
22 - 
20 - 
18 - 
16 - 
14 - 
12 - 
10 - 



Two Courses 

• • • • niree Courses 
Four Courses 
z Five Courses 




3 



8 8 8 8 



% 

8 

H 



:? 

o 

CM 



I 
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Figure 1. Comparison of the Number of Courses Offered per Year x\dth the 
Student Enrollment in Introductor 7 College Chemistry per Year in ISii- 
versities.'J*' 

*Two of the eighty-two respondents listed the number of courses 
but did not list the enrollment. 



Number of Colleges Offering Courses per Tear 
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Figure 2# Comparison of the Number of Courses Offered per Year with the 
Student Enrollment in Introductory College Chemistry per Tear In 
Liberal Arts Colleges.* 

- * * * • . 

*Two of the 77 respondents listed the number of courses but failed 
to list the course enrollment. , 
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One Course 
Two Courses 
Three Courses 
Four Courses 
Five Courses 



* *13. 

*^0 




Figure 3* Comparison of the Number of Courses Offered per Year with the 
Student Jhrollment in Introductory College Chemistry per Year in 
Junior Colleges#* 

*Three of the /}! respondents listed the number of courses but 
did not list ’the course enrollment# 
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Figure 4# Comparison of the Number of Courses Offered per Year with the 
Student Enrollment in Introductory College Chemistry per Year in 
Specialized Institutions. 
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Figure 5. Comparison o.f the Number of Coui'ses Offered per Year ^<ith the. 
Student Enrollment in Introductoiy College Chemistry per Year in all 
Responding Institutions** 

*Seven of the 212 respondents did not list course enrollments. 





latter portion of Table B was plotted in Figures 1, 2, 3$ h$ and 5* In 
the university classification (Figure 1) the plot of the number of the 
universities offering courses per year versus the student enrollment In 
these first-year college chemistry courses show the number of different 
courses offered is directly related to the student enrollment when the 
enrollment exceeds 500. llie liberal arts colleges (Figure 2), junior 
colleges (Figure 3) and specialized institutions (Figure 4) data plots 
fail to show a direct relationship between the number of courses offered 
and students enrollment. These three categories of institutions, as 
evidenced by the graphs in Figures 2, 3$ and 4» Indicate an almost equal 
offering of one and two courses per institution when the student enroll- 
ment is less than 500. In general, larger enrollments in these three 
categories do not show a corresponding increase in the number of coui^es 
offered as the student enrollment in first-year college chemistry in- 

N • 

creases. Vflian a plot of the data for all Institutions is made (Figure 5)» 
the number of courses offered show a positive relationship when the stu- 
(ient enroLjnent exceeds 500. Apparently the classification of college 
idiich is designing a variety of introductory college chenistiy course 
offerings to meet the varied needs of science majors, with exceptions, 
is the xmiversity. 

The data in Table B ("Total Number of Courses" column) and Table 9 
("Total" column) indicate that 204 (332 possible courses from 212 insti- 
tutions listed in Table 8 minus 128 courses listed in Table 9> statement 
"one" which list no course prerequisites— 6l per cent) of the 332 courses 
listed by all institutions require specific prerequisites prior to enroll- 
ment in the introductory chemistry courses; the data in Table 9 reflect 



TABLE 9. 



PREREQUISITES TO JUTRODUCTORI COLLEGE CHIMISTRY COURSES 



Lib. Junior Spec. 

Pi*erequisites iMv. Arts CoUeges Inst. Total 



1. None 

2. High School Preparation 

a. Mathematics (including 
algebra and trigonometry) 

b. Chemistry (one year) 

c. Chemistry and ^^thematics 

d. English 

e. High School Science 

f. Ph3rsic8 • 

g. Scholarship in High School 
Chemistry, Mathematics, and 
Physics 

h. Upps;:^:* 1/3 of class or honor 
3* Examinations 

a. ACB (score 89^ or greater) 

b. ACE (60 or better) 

c. ACS High School Examination 

d. ACT 

e. Plac&nent Test 

(1) Advanced 

( 2 ) Chemistry and Mathe- 
matics 

( 3 ) Mathematics 

( 4 ) Standardized 

( 5 ) Toledo Placement 

f. CEEB Score (High) 

g. Mat = 600 

h. Predicted GPR-2 or better 

i. SCAT 

j. SAT (7500 or better) 

4. College Preparation or 

Requirement 

a. College Algebra ' 

b. Physics 

c. Mathematics up to Calculus 

d. Calculus Corequisite 

e. Science Major 
5# Other 

a. instructor Approval 

b. Invitation 

c. Motivation & Achievement 

d. Permission 

e. Entrance Examination 



53 


47 


19 


9 


128 




16^ 




3 


53 


41® 


17 




1 


70 


1 


1 


1® 


0 


3 


1 


0 


0 


0 


1 


1(3 yrs) 1(2 yrs) 0 


0 


2 


3 


0 


2 


1 


6 


0 


2 


2 


0 


4 


0 


0 


1 


1 


2 


1 


0 


0 


0 


1 


0 


0 


1 


0 


1 


1, 


1 


0 


0 


2 


r 


1 


0 


0 


8 


1 


1 


0 


0 


2 


1 


1 


0 


0 


2 


1 


2 


0 


0 


3 


1 


0 


1 


0 


2 


0 


1 


1 


0 


2 


1 


0 


0 


0 


1 


1 


0 


0 


0 


1 


1 


0 


0 


0 


1 


1 


0 


0 


0 


1 


1 


0 


0 


0 


1 


1 


4 


2 


0 


7 


0 


0 


1 


0 


1 


2 


0 


0 


0 


2 


1 


1 


0 


0 


2 


1 


0 


0 


0 


1 


0 


0 


0 


1 


1 


1 


0 


0 


0 


1 


1 


0 


0 


0 


1 


1 


2 


0 


0 


3 


4 


1 


1 


1 


7 



94 

a , 

Requirements range jprom years to 4 years high school math# 

^Three require a grade of C or better; two a grade of B or better, 
c 

One ivjquires a grade of B or bettor; one requires 2 years high 
school chenistiy; one requires a grade of C or better# 

^Qne - 25^; one - 26 %; one - 89^; one - 9Q^# 
e 

C grade in high school chemistry and intermediate algebra# 

a diversity in prerequisite requirements# Prerequisites to the courses 
offered were required by 101 (77 per cent) of the 154 university courses, 
52 (53 per cent) of the 99 liberal arts courses, 42 (69 per cent) of the 
6l junior college courses, and 9 (50 per cent) of the 18 specialized 
institutions courses# The most popular of these prerequisites, as shown 
by the various prerequisite titles listed in Table 9, are hi^ school 
chemistry and/or high school mathematics including algebra and trigo- 
nometry# That 128 of the 332 courses (39 per cent) offered in all insti- 
tutions surveyed required no prerequisites to introductory college chem- 
istry course raises several questions# Do first-year college stit- 
dents possess the academic preparation necessary for a successful experi- 
ence in freshman chenistry or does the professor assume students 
ualified and proceed to disperse the facts and principles of chemistry? 

Vflien high school eaq)erience in chemistry has been had, it is 
largely that of a traditional course; the data in Table 10 ("all insti- 
tutions" column, the sum of items "2" and "3") show that the high school 
chemistry experience of students enrolled in introductory coUege chemis- 
try is 68 #2 per cent traditional and 14 per cent Chemical Bond Approach 
(CBA) or Chemical Education Materials Study (CHEM Study); a total of 82 
per cent of the first-year chemistry students have had a course in high 



school chemistry. These data imply that the high school chemistry experi- 
ence is largely that of a traditional course; the inference being that 
the nevr secondary chemistry innovations listed above have not made an 
impact upon the first-year chemistiy curriculum. These findings are in 
disagreement with the statements made by R. J. Kokes^ in 1964> when he 
said: "...the impact of CBA, CHEM^ and PSSC courses is now being 

fait. -^73 

The data in Table 9 (prerequisite number "two," items "b" and "c") 
indicate that 73 of the 332 courses (22 per cent) offered in all insti- 
tutions surveyed list high school chemistry and/or high school chemistry 
and mathematics as a prerequisite requirement to freshman, yet the data 
in Table 10 (sum of It^ns "2" and "3" in "all institutions" column) infer 
that 82 per cent of the students who enroll in freshman chemistry in all ’ 
institutions surveyed have had previous experience in high-school chem- 
istry. How do these institutions justify their actions in either neg- 
lecting or rejecting the high school chemistry experience as a bona fide 
prerequisite to first-year college chemistry? Does this imply that many 
institutions Ignore the high school chemistry training of their students 
and proceed on the theory that all of the subject (first-year college 
chemistry) must be taught to all students regardless of what was done in 
high school? One university professor in the survey probably reflects 
the opinion of many college professors by remarking: 

Students are inadequately prepared for college chemistry 

by virtue of weak background in English, mathematics, and 

physics. The vast majority of college students, were and are 
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at other .like institutions throughout the nation, have not 
been exposed to exceptionally good high school teaching, !Ihus, 
even if he has taken chemistry in high school, he often is at 
a disadvantage in having to unlearn misinformation# It is my 
honest conviction that the high school chemistry course should 
either be completely abandoned complete'*y or turned over to 
college professors and high school teachers of like training 
and ability# If this latter were done, there ivould be little 
use for a general chemistry course in the college chemistry 
curriculum# 

Some institutions, however, are recognizing the scholastic capability 
and academic preparation of high school gradxiates# The challenge to 
capable students is reflected in the prerequisites listed in Table 9 
(prerequisite "3”) whereby a qualified student may enroll in an advanced 
first-year chemistry course or be promoted into an upper level chemistry 
course# Ihe variety in course offerings, as shown in Table S, also show 
that some institutions are designing courses to meet the student’s vo- 
cational aspirations; 34 per cent of the universities offer two courses, 

18 per cent offer three courses, and three per cent offer four or more 
courses; 25 per cent of the liberal arts colleges offer two courses and 
one per cent offer three courses; 24 per cent of the junior colleges offer 
two courses and 12 per cent offer three courses; 33 per cent of the 
specialized institutions offer two courses and eight per cent offer three 
courses# In summation, 30 per cent of all institutions surveyed offer 
two courses, 10 per cent offer three courses, and two per cent offer 
four or more courses# The data in Table 8 (’’one course" column) also 
indicate that 57 per cent of all institutions siirveyed offer only one 
introductory college chemistry course# Does one introductory chemistry 
course satisfy the needs of all science major students? The investigator 

r 

is of the opinion that this question was resolved by Taylor and Hendricks 
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two decades ago. The investigator feels that two introductory courses 
is the absolute minimum. 



TABLE 10. PREVIOUS HIGH SCHOOL CHEMISTRY EXPERIENCE OF INTRODUCTORY 
COLLEGE CHEMISTRY STUDENTS AND PERCENT OF THESE STUDENTS 
WHO EVENTUALLY MAJOR IN CHEMISTRY 



Academic 

Experience 




Mean Per Cent of Students 




Iftiiv. 


Ub. 

Arts 


Junior 

Colleges 


Spec. 

Inst. 


All 

Inst 


1. No chemistry 

2. Traditional High School 


. 9.5 


11.9 


22.1 


4.5 


12.4 


Chemistry 


66.7 


71.5 


63.1 


76.3 


68.2 


3» CHEM Study or CBA 


U.3 


11.5 


17.6 


16.4 


14.0 


4. Chemistry majors 


8.9 


11.9 


10.1 


7.5 


10.1 



The indication in Table 10 ("all Institutions" column) that 10 per 
cent of the students previously enrolled in fi»eshman chemistry eventually 
major in chemistry is intriguing since in 1966 only 3,107 bachelor de- 
grees in chemistry were awarded out of a total of 555,613 bachelors 
degrees granted. 



Course Credit 

The diversity in course credit, as shown in Table 11, with respect 
to number of semester hours credit per course, semester hours per col- 
lege and total number of semester hours offered is almost as great as 
that previously shown in course titles and prerequisites. Credit in the 
first experience in college chemistry ranges fi?om two to 12 semester 

175 

Gordon M. Barrow, "Dull Approach Leads to Fewer Graduates," 
Chemical Engineering News . 1 ^ 6 , June 10, 1968, p. 65. 



I 



98 

hours credit per year. Ihe average niunber of courses offered per insti- 
tution per year is 1.6 and the average number of semester hours credit 
alloted per college per year is 11 . 9 ^ while the average number of semes- 
ter hours assigned per course in all institutions surveyed is 7 .29. The 
most popular schedule for the introductory college chemistry course per 
year as evidenced by the ” 8 '* column of Table 11 is the eight semester 
hour course; the second choice being the ten semester hour course (l 62 
of the 332 courses are offered for eight hours credit and 65 are offered 
for ten hours credit). 

TABLE 11. COURSE CREDIT IN INTRODUCTORY COLLEGE CHEMISTRY COURSES 



Number of Semester Hour*s Credit per Course Offered 



Classification T Z 5 

2 3 33 4 5 5| 6 6 | 7 8 9 10 12 



1. Universities 


223 


16 7 2 16 2 1 70 


6 27 0 


2. Liberal Arts 


110 


2 10 


8 2 1 64 


3 15 1 


3 . Jr. Colleges 


040 


5 3 3: 


3 3 1 18 


2 19 0 


4« Specialized 


0 0 0 


0 0 2 


1 0 1 10 


040 


TOTAL 


3 7 3 


18 11 7 28 7 4 162 


11 65 1 




Credit in Semester Hours per Course and per College 




Total No. 


Total Ho. of 


Semester Hrs. 


. Semester 




of Courses 


Smester Hrs. 


per Course 


Hours pe: 










College 


1. Universities 


154 


U30 


7.40 


13.8 


2. Liberal Arts 


99 


787.3 


7.85 


10.2 


3* Jr. Colleges 


61 


460 


7.54 


11.2 


4 . Specialized 


18 


U3.7 


8.00 


12.0 


TOTAL 


332 


2521.0 






MEAN 


1.6 


11.9 


7.29 


11.9 




Academic Fields and Degrees of Chenistry Pirofessors 

The questionnaire requested the name of the professor in charge of 
the introductory college chemistry course, the highest degree held and 
the field in which it was earned. The request was also made that the 
number of other professors teaching introductory chemistry, lecture or 
laboratory sections, be indicated with the field of specialized and 
degree held by each. 

The number of professors teaching introductory college chemistry 
courses, as shown in Table 12, refers to full-time and part-time profes- 
sors. All professors so listed are understood to be teaching one or 
more lecture or laboratory sections in introductory college chemistry 
or to have duties in connectipn with the courses. 

From Table 12, one will note that there are 459 professors teaching 
introductory college chemistry in 82 universities; 224 in 77 liberal arts 
colleges; 105 in 41 junior colleges; and 48 in 12 specialized institu- 
tions — a total of 836 professors in 212 institutions. This is an average 
of more than five professors per university, less than three for each 
liberal arts college, less than three for each junior college, and four 
for each specialized Institution or a mean average of approximately four 
for the 212 participating institutions. Computing a statistical average 
of the personnel Involved in first-year chemistry is not possible because 
some institutions indicated a variety in number of instructors each year 
due to fluctuations in student enrollment. Approximately 89 per cent of 
the university professors have earned doctoral degrees in chemistry and 
eight per cent have completed master degrees in chonistry. Similar in- 
formation is shown for the other institutions (See Table 12). 
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TABLE 12. ACADEMIC FIELD AND HIGHEST DEGREE EARNED BT PROFESSORS OF 
INTRODUCTORY COLLEGE CHEMISTRY 



Field of Specialization 
and College Degree 






Number of Professors 




IMv. 


Lib. 

Arts 


Junior 

Colleges 


Spec. 

Inst. 


Number of 
Professors 


Chemistry 


Bachelors 


6 


6 


0 


0 


IZ 


Masters 


33 


37 


69 


20 


164 


Doctorate 


409 


170 


19 


25 


623 


Chemistry Education 


Masters 


0 


0 


2 


2 


4 


Chemical Engineering 
Bachelors 


1 


0 


0 


0 


1 


Doctorate 


0 


1 


1 


0 


2 


Pharmaceutical Chemistry 


Doctorate 


0 


1 


0 


0 


1 


Science Education 
Masters 


1 


1 


2 


0 


4 


Doctorate 


0 


0 


0 


1 


1 


Education 


Bachelors 


0 


0 


1 


0 


1 


Masters 


2 


1 


5 


0 


8 


Doctorate 


2 


1 


1 


0 


4 


Biology 

Bachelors 


0 


0 


1 


0 


1 


Masters 


0 


2 


1 


0 


3 


Botany 


Masters 


0 


0 


1 


0 


1 


Zoology 


Masters 


0 


0 


1 


0 


1 


Clinical Pathology 


Masters 


0 


1 


0 


0 


1 


Pathology 


Doctorate 


0 


1 


0 


u 


1 


Horticulture 


Bachelors 


0 


0 


1 


0 


1 


Physics Education 


Masters 


0 


1 


0 


0 


1 


Pre-Medical 


Bachelor 


0 


1 


0 


0 


1 


TOTAL 


459 


224 


105 


43 


636 


AVERAGE NUMBER OF - 


PROFESSORS PER COLLEGE 


5.5 


2.9 


2.6 


4.0 


3.9 
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TABLE 13. FJELD AND DEGREE OF PROFESSORS IN CHARGE OF INTRODUCTORY 
CHEMISTRY COURSE 




Field and Degree 



Lib. Junior Spec. All 
Uhiv. Arts Colleges Inst. Respondents 



No. % No. % No. % No. % No. % 



( i 



Chemistry 

Bachelors 

Masters 

Doctorate 

Chenistry Education 
listers 
Education 
Bachelors 
Masters 
Zoology 
Masters 
Horticulture 
Masters 

Science Education 
Masters 
Doctorate 
Pathology 
Doctorate 

Chemical Engineering 
Doctorate 
Botany 
Masters 
Biology 
Masters 



11 0 
4 5 14 

77 94 59 

0 0 2 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 1 

0 0 0 

0 0 0 

0 0 1 



0 0 0 0 

IS 29 71 3 

77 1 2 6 

3 12 2 

0 12 0 

0 4 10 0 

0 12 0 

0 12 0 

0 12 0 

0 0 0 1 

10 0 0 

0 12 0 

0 12 0 

10 0 0 



0 1 .5 

25 50 24.0 

50 143 67.0 

17 5 2.0 

0 1 .5 

0 4 2.0 

0 1 .5 

0 1 .5 

0 1 .5 

8 1 .5 

0 1 .5 

0 1 .5 

0 1 .5 

0 1 .5 



The data in Table. 12, ("number of professors" column) reflect that 
the highest degree held by 12 (1.4 per cent) of the first— year chemistry 
professors from all participating institutions is a bachelors degree in 
chemistry and that 37 professors (4.4 per cent) have received their pro- 
fessional education in a field of specialization which requires a back-, 
ground in chenistry but is not the discipline chemistry per se. Accord- 
ing to the data in Table 12 ("university" column), academic training of 
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the first-year college chemistry professors is in .14 different fields of 
specialization, including chemistry, idth 623 professors ("number of pro- 
fessors" column) out of a total of 836 (75 per cent) having earned a 
doctoral degree in the discipline of chemistry. A summary of the data 
in Table 12 ("number of professors" column) reflect the folloidng distri- 
bution in regard to the various number of the different highest degrees 
held by the professors from all types of institutions teaching the intro- 
ductory course in college chemistiyi 17 bachelors degrees— 12 in chemis- 
try 5 187 masters degrees— 164 in chemistry and 632 doctorax degrees— 623 
in chemistry. 

The data in Table 13, ("all respondents" column) infer that of the 
professors in charge of the first-year college chemistry courses, 67 per 
cent have earned the doctorate in chemistry, 0.5 per cent in science 
education, 0.5 per cent in pathology, and 0.5 per cent in chemical engi- 
neering (these latter three are related science fields) 5 a total of 68.5 
per cent. Of the 212 supervising college chemistry professors, 24 
per cent have completed, as their highest academic degree, the masters 
degree in chemistry, two per cent in chemistry education, 0.5 per cent 
in science education (a total of 26.5 per cent) idiile less than nine per 
cent are educated in a science other than chemistry including education. 
The data in Tables 12 and 13 also show, like other surveys, a need for 
more professors with earned doctorates in chemistry or chemistry educa- 
tion, especially in junior colleges. The number of graduate assistants 
who teach or assist in the teaching of the lecture phase of the first- 
year college chemistry course was not compiled in these statistics. 

College professors need teaching assistants, and the lack of pro- 
fessional trained personnel has resulted in the utilization of student 
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TABLE 14. PROFESSIONAL TRAINING AND RESPONSIBILITIES OF STUDENT 
ASSISTANTS 







Number of Student Assistants 






Iftiiv. 


lib. 

Arts 


Junior 

Colleges 


Spec. 

Ihst. 


Total 


De^tree 

None 


115 


281 


93 


15 


504 


Bachelors 


733 


29 


2 


31 


795 


Masters 


148 


10 


0 


10 


168 


Doctorate 


4 


0 


0 


0 


4 


Othor^ 


137 


0 


0 


0 


137 


Responsibility 
1. Lecture 


13 


0 


1 


1 


15 


2. Lab setup or lab 
supervisor 


1052 


259 


21 


0 


1338 


3* Chem. preparation for 
lecture and/or lab 


12 


72 


5 


1 


90 


4. Stockroom 


28 


20 


5 


0 


53 


5. Grade papers, exams, 
report sheets or 
proctor exams 


148 


54 


2 


1 


205 


6. Cleanup 


0 


0 


3 


1 


4 


7. Recitation 


322 


9 


0 


2 


333 


S. Prepare and/or repair 
equipment 


0 


0 


2 


0 


2 


9. Tutor (help sessions, 
discussions, etc.) 


74 


0 


1 


0 


75 


10. Prelab or lecture 
demonstration 


0 


0 


2 


0. 


2 


11. Conferences 


27 


0 


0 


0 


27 


12. Reading 


0 


1 


0 


0 


1 


13 . Clerical (inventory, 
budget supply, order 
equipment) 


0 


0 


1 


0 


1 


14 . Answer questions 


0 


0 


1 


0 


1 


15* Correct homework 


0 


12 


0 


0 


12 


Number of Assistants 


1137 


320 


95 


56 


iS5§" 


Colleges indicating 
no assistants 


6 


10 . 


9 


5 


40 


Colleges with assistants 


76 


67 


32 


7 


182 


Range 


0-70 


0-30 


0-6 


0-29 


0-70 


Average per College 


14.9 


4.7 


3.0 


4.7 


7.5 
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a 

Degree indicated but level not specified# 

assistants (Table 14)# Thio responsibilities allocated to student assist- 
ants (Table 14) are numerous# Of the 212 institutions surveyed, 182 (86 
per cent) utilize the services of ^student assistants. The most popular 
use of student assistants is either in preparing for laboratory or as 
laboratory supervisors. Priorities two and three for student assistants 
include paper grading and conducting recitation sections respectively# 

The data in Table 14 Indicate the quantity and not the quality of 
the assistants# Since 504 out of 1,608 student assistants (31 per cent) 
have no college degrees and 795 (49 per cent) have only completed the 
bachelors degree, questions could probably be raised about the quality 
of the assistants# Those instructing both lecture and laboratory should 
be well trained, however, the limited supply of we3J. trained teachers now 
and in the forseeable future indicates the need to utilize student assist- 
ants of lower training for routine tasks such as paper grading and routine 
laboratory work# 



CHAPTER V 



THE INTRODUCTORY COII 4 JE CHEI^ISTRY COURSES OFFERED 
AT THE ACCREDITED INSTITUTICXIS 

Typical Introductory Chemistry Courses 

Tne Advisory Council on College Chemistry (AC^) has described the 

first-year college chemistry course as ranging in content from largely 

176 

descriptive to largely theoretical# * The literature does not show an 

investigation which has attempted to describe the typical course nor the 

number of different introductory college chemit^ry courses that are 

177 

currently being offered per institution. Taylor and Hendricks gave 
sufficient evidence to indicate that at least two different first-year 
college chemistry co\irses should be offered — one course for science 
majors and a different course for nonscience majors# The survey data in 
Table 15, however, infer practices contrary to the suggestions of Taylor 
and Hendricks by showing that only 42 per cent of the universities, 25 
per cent of the liberal arts colleges, 10 per cent of the junior colleges, 
and 50 per cent of the specialized institutions (30 per cent response 
from all. institutions) surveyed offer several courses of varying diffi- 
culty. The data in Table 15 ("Total" column) show that 59 per cent of 
the institutions pay no attention to the chemistry background of the stu- 
dent, and the ensuing practice is to place all students in the same 

176 

Haenisch, "The Content of Introductory College Chemistry," p# 21# 

177 

Taylor and Hendricks, pp. 17~18 of this survey# 
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( ) first-year college course* Close examination of the data in Table 15 

infers that the picture is not hopeless, since 30 per cent ("All Insti- 
tution" column, item "5") of the responding institutions indicated that 
they offer several introductory chonistry courses of varying difficulty 
and, in addition, an equivalent percentage (item "6") offer a course 
idiich is sufficiently different in the laboratory phase so that no stu- 
dent feels he is repeating the same course. The data ("Total" column, 
Type of Course "7-a") also show that 10 per cent of all institutions 
surveyed are designing courses in which the student may achieve to the 
utmost of his capabilities. 



TABLE 15-A. T-TEST OF SIGNIFICANCE 



Groups of Institutions Compared 



Topic 





J.C. 


L.A. 


Ifoiv. 


Iftliv. 


Univ. 


L.A. 




vs. 


vs. 


vs. 


Vff. 


vs. 


vs. 




Spec. 


Spec. 


Spec. 


J.C. 


L.A. 


J.C. 


Degrees of Freedom 


51 


S7 


92 


121 


157 


116 


T-score at .05 


2.01 


1.99 


1.99 


1.98 


1.93 


1.93 


Probability 










• 




Course Description 






t-test 








(See Table 15) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6). 


1 


0.613 


0.346 


0.451 


1.797 


1.574 


0.498 


2 


0.942 


0.792 


0.298 


0.992 


0.851 


0.324 


3 


1.301 


1.419 


0.107 


3.067* 


3.542* 


0.171 


4 


0.000 


1.076 


1.041 


1.923 


0.122 


1.995* 


5 


1.134 


1.324 


0.362 


2.179* 


2.91CHf 


0.132 


6 


0.721 


2.393* 


1.380 


1.190 


2.295* 


3.006* 



;er|c 



■^Significant at the five per cent level of confidence 
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The t-test scores in Table 15-A yield little information regarding 
a comparison of the means of the statement responses with respect to 
teacher reactions to statements describing the introductory college chem- 
istry courses (Table 15) offered by the different institutions and any 
generalizations would be misleading since the per cent response is too 
low to distinguish a statistical difference* A comparison of the tabu- 
lations in Tables 15 and 16, however, yield data which reveal that teacher 
practices in introductory college chemistry (Table 15) and teacher re- 
actions to statements describing the introductory chemistry course (Table 
l6) to be incongruous. The data in Table 15 (statement "1") show that 
58 per cent of the institutions surveyed ignore the high-school chemistry 
background of students and the ensuing practice is to place all students 
in the same course, while the data in Table 16 (statement "!'*) show that 
only 33 per cent of the respondents from all institutions surveyed agree 
that the present first-year chemistry course is generally satisfactory 
for all students. The data in Table 16 (statement "2") show that 41 per 
cent of all respondents agree that the present course being taught at 
their institutions is most appropriate for the chemistry major, also 41 
per cent disagree, while 12 per cent remain undecided. Such an indecision 
was not evident in the junior colleges since the junior college professors 
by a 56 per cent affirmative response ("Total" column, statement "2") 
agree that the ciu'rent first-year college chemistry course is more appro- 
priate for chemistry majors. 

The data in Table 16 (Statement "3" of "Total" column) show that 
58 per cent of the respondents (a possible acceptance) favor the practice 
of significantly modifying the first-year college chemistry course specif- 
ically designed for the superior students with a good academic background 




TABIE 16 . PERCENT OF mCHER REACTIONS TO STATEMEMTS CONCERNING THE CONVENTICHAL COURSE IN COUEGE CHaOSTRT 



» 



no 




-er|c 



in high school mathematics and science by eliminating some descriptive 
matter and introducing advanced non-traditional topics. An observation 
is also made which invigorates one*s curiosity: the professors, by a 

93 per cent approval (See Table 27, p. 155), accepted the general objec- 

< 

tive of introductory college chemistry as "the develojpment of the ability 
to do critical thinking," however, only 49 per cent of the total number 
of professors responding agree that the course should be taught from 
textbooks of varying difficulty and utilizing the inquiry approach while 
another 28 per cent remained uncertain in their decision (Table 16, item 
"5” of the "All Institutions" column). A closer examination of the data 
(Table 16, item "5") however, shows that 58 per cent of the junior col- 
leges and 53 per cent of the liberal arts colleges (an indication of a 
possible acceptance) agree on the use of textbooks of varying difficulty 
utilizing the inquiry while the response from all institutions surveyed 
(Table 16, statement "5") is only a 49 per cent agreement to the use of 
textbooks of varying difficulty and utilizing the inquiry approach. 



TABLE 16-A T-TEST OF SIGNIFICANCE 



Groups of Institutions Compared 



Topic 


■ J.C. 


L.A. 


lAiiv. 


lAiiv. 


Uhiv. 


L. A . 




vs. 


vs. 


vs. 


vs. 


vs. 


vs. 




Spec. 


Spec. 


Spec. 


J.C. 


L.A. 


J.C. 


Degrees of Freedom 


51 


87 


92 


121 


157 


116 


Statement 






t-test scores 






(See Table 16) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


1 


1.091 


0.380 


0.679 


0.875 


0.474 


1.177 


2 


1.952 


0.566 


0.685 


2.202* 


0.044 


1.965 


3 


0.555 


0.429 


0.227 


0.652 


0.441 


0.266 


4 


0.531 


0.392 


0.748 


0.221 


0.605 


0.268 


5 


0.254 


0.268 


0.090 


0.573 


0.695 


0.005 


6 


2.233* 


2.187* 


2.207* 


0.338 


0.206 


0.157 



^Significant at the five percent level of confidence. 



The t-test is used to determine if there is a significant difference, 
at the five per cent level of confidence, between the means of the teacher 
reactions in the various categories with respect to rating of a prese- 
lected 3JLst of statements concerning the conventional (the current) intro- 
ductoiy college chemistry course, A t-test score of 1,93 in column foxir 
of Table 16-A would show a significant difference at the five per cent 
level of confidence. The critical ratio between the junior college and 
the university p37ofessors responses to the statement, "the conventional 
course in college chemistry is more appropriate for the students who 
major in chemistry than those who do not," is 2,202, This critical ratio 
(t-test) shows that junior college professors reactions to the statement 
above, when compared ivith. the opinions of university professors, believe 
the present introductory course in college chemistry is more appropriate 
for the chemistry major than the non-major than do university professors, 

A t-test score of 2,01 in Table 16-A, column "1", and a t-test score 
of 1,99 in Table 16-A, columns "2" and "3", would show significant dif- 
ference at the five per cent level of confidence. The critical ratios 
with respect to the statement, "the conventional course in college chem- 
istry will continue because time and cost are essential factors which 
have tended to retard the introduction of chemistry innovations analagous 
to Chemical Bond Approach (CBA) and Chemical Education !Iaterials Study 
(CHEMS Study) at the introductory college level," as shown in Table 16-A, 
columns "one," "two," and "three," are 2,233> 2, IS? and 2,20? in favor 
of the junior college, liberal arts college and university when the means 
of these institution *s responses are compared with the specialized insti- 
tutions, These t-test scores show that a significantly smaller number 
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of speciali25ed institution professors agree that time and cost have been 
essential factors that have prevented innovations in freshman chemistry. 
These statistics infer little information since the replies by the re- 
spondents from all categories show a general disagreement with the above 

f 

statement (statement "6** of Table 16) as evidenced by only a 30 per cent 
agreement, 

Vflien the professors were asked to state an opinion on what they 
thought the introductory course should be, the response was multitudinous. 
However, Table 1? ("AU Institutions" column, item "1") tabulations show 
a sufficient majority to say that a course in chemical principles with 
descriptive chemistry serving only to illustrate these concepts was war- 
ranted — the response ranging from a low of 64 per cent for liberal arts 
colleges to a high of 75 per cent for specialized institutions, with an 
average percent acceptance of 6? for all institutions surveyed. 

Additional comments on Part II, Section 1? of the questionnaire 
reveal that some chemistry teachers are much concerned about the course 
content of the introductory courses currently offered in their institu- 
tions. Inherent i-dthin these additions is the plea to return to descrip- 
tive chemistry as shown by the fact that sixteen of the tv;enty-one addi- 
tions specifically suggested an inclusion of more descriptive materials 
into the first-year chemistry course. Several comments stressed the 
point that the introductory course be improved. One professor suggested 
that, "Descriptive chemistry must brought back to show how principles 
are derived." Another professor wote: "I personally feel that more em- 

phasis on theoretical topics is needed in most beginning college chemistry 
courses. However, I also believe that descriptive f acts are very impor- 
tant for the reseai'ch or teaching chemists. These ‘descriptive topics* 



TABLE 18. DESCRIPTION OF lABORATORT MANUAL OR TEXTBOOK CURRINTLT USED IN INTRC»UCTCffiT COLLEGE CHEMISTRT 
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are being sadly omitted from curriculnms in many * progressive ' schools.” 
The investigator believes that there is general agreement and consensus 
of a sufficient majority of the professoi's that an introductory college 
chemistry course offered in chemical principles and properties with des- 
criptive parts of. course used both ^ illustrate principles and to 
show how principles ^ derived . A few institutions are offering special 
problem courses for weaker students and are also providing materials to 
assist these students. One institution offers a rcm.edial course for stu- 
dents who have not had high school chemistry, however, any student may 
take this two semester hour course along with the regular course. 

Description of Laboratory >Ianual and Textbook 
The tabulations of data in Table 18 (''All Institutions” column, 
item ”3”) show that college professors indicated, by a 58 per cent approv- 
al, a possible acceptance of the use of a combination of staff prepared 
and commercially prepared materials for both lecture and laboratory. 

Junior college professors, by an 81 per cent response, indicated the prac- 
tice of using a combination of staff and commercially prepared materials. 
The comments on other modifications as tabulated under the choice "other” 
in Table 18 are certain3,y enlightening. A few professors have written 
their o\m materials, one his own text, and two have written their own 
laboratory manuals. Tbe Advisory Council on College Chemistry recom- 
mended that efforts be made to stimulate the preparation of a series of 
outlines, paperbacks, and suggestions for teaching dealing with some im~ 
p>ortant topics not adequately treated in current textbooks. The survey 
findings has gained little information to indicate a direct response to 
the suggestions of the Advisory Council. The data collected do reflect 
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a slight trend to this effect# It would behoove these professors to 
share their educational endeavors with other professors by sending them 
to the Advisory Council on College Chemistry, Stanford Ifeiversity, Cali- 
fornia# 

f 



TABLE 19# NUMBER AND PERCENTAGE OF INSTITUTIONS INDICATING COURSE 
REVISIONS AND/OR NEItT COURSE ADDITIONS 



T^e of Change 


Ifoiv# 


Lib# 

Arts 


Junior 

Colleges 


Spec# 

Inst# 


Total No# 
of Changes 




Ho. % 


No. % 


No. % 


No. % 


No. % 


1# New course or 
revision 


26 31 


20 25 


11 26 


4 33 


61 28 


2# Text or laboratory 
exercise change or 
revision 


66 80 


65 84 


33 80 


10 83 


174 82 



Course Revisions and/or Course Additions 
The data in Tables 19 ("I^pe of Change” ”1" and "2” in "Total" 
column) reveal that only 28 per cent of the responding institutions have 
added a new coxirse or revised their present course yet the majority of 
the college chemistry professors during the past two years indicate dis- 
pleasure with the current laboratory manuals and/or textbooks as evi- 
denced by an 82 per cent indication in the "total" column of Table 19,- 
item "2"; these institutions adhere to the same course outline# These 
data reveal that four out of five professors have made textbook and exer- 
cise changes in first-year college chemistry during the past two years 
\riiile only three out of ten have either made course revisions or added 
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new courses# 
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The additional conanents fi*oin individual professors indicated a dis- 
satisfaction with the present introductory course (30 professors wrote 
notes in the (questionnaire margins and four enclosed personal letters 
and eight of these professors indicated that they were experlmentating 
with various textbooks, including paperback supplements). Some of the 
professors remarked that they have yet to find a textbook they can agree 
is a satisfactory book. Other professors suggest a struggle with the 
course content especially in their attempts to answer questions related 
to such tasks as to the amount of descriptive work to include 'and whether 
or not to include thermodynamics. One professor had this to say regard- 
ing the status of the introductory college chemistry courses 

I*m retiring early because I*ve lost after 40 years all 
confidence in ray judgement as to what to teach, how to do 
it, how much to expect of students, what performance 
deserves a passing grade. I*m too old to start over and 
recent years have produced increasing dissatisfaction with 
my work. I»ve kept on because recent staff and additions 
have seemed to have less competency than my own, but finally 

1 1 ye had it... Tliis is not a criticism of administration, 

or criticism against our school. I*ve given up because my 
self-respect won»t permit me to continue with the present 
frustrations . 

Another professor added: "The lab manual is supplemented and the 

text is bad and is supplemented by handouts written by the instructor." 

In general, the trend is to do a limited number of experiments having a 
quantitative background and a small amount of descriptive work. 

The data in Tables 20 and 20-A give a more vivid picture of the 

• t 

nature of textbook changes. The p^r cent response, as shown in Table 20, 
is in terms of the 174 respondents in the survey who indicated textbook 
changes and/or revisions. Three classifications of institutions (the 
exception is the specialized institution) in Table 20, item "1" indicated 
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that the content and program of instruction in general chemistry had been 
considerably modified but the outline of the former course retained. The 
data in Table 20 ("All Institutions" column, item "2") show that 58 per 
cent (a possible acceptance) of the professors who made textbook changes 
still rely mainly upon a single textbook and laboratory manual. The 48 
per cent affirmative reply of all respondents to the question related to 
the preparation of a course outline or syllabus (Table 20, statement "3") 
indicates that liberal arts and university professors either rejected or 
do not have time to prepare a course outline or syllabus for a new intro- 
ductory course. The implication is that the course authority, in general, 
is the textbook. The liberal arts and specialized institution professors, 
however, did indicate a possible acceptance ef the responsibility of pre- 

* 'l 

paring a syllabus or course outline as evidenced by the 54 and 50 per 
cent affirmative replies, respectively (Table 20, item "3"). With respect 
to the question concerning the use of an outline or syllabus specifically 
prepared for a new coiirse, the t-test score of 2.061 (Table 20-A, column 
"six," item "3") favors the liberal arts colleges over the junior colleges 
at the five per cent level of confidence. 

The implication from the data in Table 20 ("All Institutions" 
column, statement "4"), is a possible refusal of teaching the traditional 
topics of gases, liquids, and solids under a single topic rather than 
being discussed individually. The junior college professors conversely 
showed a possible acceptance of teaching these units separately, as evi- 
denced by a 60 per cent affirmative reply to statement "four" in Table 20. 

The professors ffom all institutions surveyed rejected the assign- 
ment of more outside reading in the new course as compared to the reading 
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replaced or with the former textbook, 
reply to statement "5" in Table 20, 
recommended that efforts be made to 
stimulate the preparation of a series of outline, paperbacks for teaching, 
at the first-year college chemistry level, dealing with some important 
topics not adequately treated in current texts. Although some of these 
topics have been published by the. Journal of Chemical Education and 
several major publishing companies, the above data indicate little or 
no use of the said materials. 



( ) required v/ith the course ^ich was 

as shown by a 66 per cent negative 
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“All Institutions" column. AC^ 



TABLE 20-A. T-TEST OF SIGNIFICANCE 





J.C. 


L.A. 


l&liv. 


l&iiv. 


Uhiv. 


L.A. 


Topic 


vs. 


vs. 


vs. 


vs. 


vs. 


vs. 




Spec. 


Spec. 


Spec. 


J.C. 


L.A. 


J.C. 


Degree of Freedom 


51 


87 


92 


121 


157 


116 


Statements Concerning 














Textbook Changes 






t-test 






(See Table 20) 


(1) 


(2) 


( 3 ) 


(4) 


( 5 ) 


(6) 


1 


0.703 


0.406 


0.922 


0.332 


1.152 


0.655 


2 


0.610 


0.732 


0.922 


0.366 


0.275 


0.129 


3 


1.699 


0.589 


0.808 


1.552 


0.548 


2.061* 


4 


1.373 


1.031 


1.217 


0.000 


0.477 


0.423 


5 


1.184 


0.368 


0.150 


2 . 376 * 


1.026 


1.549 


6 


1.509 


2.292* 


3 . 074 * 


1.255 


0.917 


0.513 


7 


0.166 


0.868 


0.785 


0.945 


0.146 


1.062 


8 


0.624 


0.022 


0.479 


1.9U 


0.878 


1.204 


9 


0.U7 


0.276 


1.039 


1.932 


1.403 


0.684 


10 


0.837 


0.182 


0.414 


0.771 


0.536 


1.296 



^Significant at the five percent level of confidence. 
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Haenisch, "Content of Introductory College Chemistry, " p. 21. 
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The only college classification to indicate a collaboration with 
physicists in the preparation of a course or the selection of a new text- 
book (Table 20, statement "6") was the specialized institution with a 67 
per cent negative reply to the statement, "Is the work in the new or re- 
vised coxirse independent of collaboration with physicists?" The t-test 
scores of 2.292 and 3.074 in Table 20-A (Columns "2" and "3," statenent 
"six" ) support this observation and show this collaboration of chemist 
and physicists to be significant at the five per cent level of confidence 
when the mean of the responses of the specialized institutions are com- 
pared with the mean responses of the liberal arts colleges. These t-tests 
show that the only category ivhich either requested or used the assistance 
of physicists in the preparation of a new first-year chemistry course was 
the specialized institutions. All institutions rejected the practice of ■ 
stating co\irse objectives and the ensuing preparation of tests or other 
methods of evaluating whether these objectives have been achieved, as 
reflected by a 42 per cent and a 19 per cent affirmative reply to state- 
ments "nine" and "eight" in Table 20, "All Institutions" column. Of the 
42 per cent that accepted the stated objectives (Table 20, "All Institu- 
tions" column, item "9") less than half (statement "8" shows a 19 per 
cent response) of these established methods to ascertain achievement of 
these goals. A closer examination of the data in Table 20, statement 
"9>" indicate a possible acceptance of the responsibility of stating 
goals by junior colleges and specialized institutions as evidence by a 
56 per cent and a per cent affirmative response, respectively. Less 
than half of these professors, however, have designed methods to evaluate 
attainment of these -stated goals as evidenced by a 26 and 25 per cent 
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reply to statement "8." 

The investigator believes that the way to future progress still 

seems to lie in more thought on the part of college professors about goals 

and purposes* The data in Table 20 (statement "nine") reveal that the 

majority of the junior college and specialissed institution professors 

have stated objectives and logically^ it seems that since a large number 

of these institution *s students transfer to liberal arts colleges and 

universities 4 logic seems to dictate that those latter institutions of 

higher learning need to state goals and devise evaluation schemes* The 

survey data also reflect another pedagogical weakness: although text- 

% 

book changes have been made, the previously stated course objectives 
have been changed very little, if any, as evidenced in Table 20 (state- 
ment "ten") by a 64 per cent negative reply to the question, "Do the 
objectives of the new and/or revised course differ substantially from 
the objectives of the older course?" The data in Tables 19 and 20 redn- 
force the statements of Strong and Young ' which Implied an urgent need 
for reorganized textbooks and courses, and a vehement request that the 
very best efforts be expended in the preparation of general chemistry 
textbooks. 



Pre-laboratory Instruction 

Pre-laboratory instruction is essential to a successful laboratory 

180 

program and might replace the usual detailed laboratory Instructions* 
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See pp. 33 and 35 o£ this survey. 
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Modem Teaching Aids for College Chemistry . Los Angeles, Cali- 
fornia: Advisory Council on College Chemistry, 1966, pp. 1-7* 
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TABLE 21. TYPE OF PEIE-LABORATORY INSTRUCTION GIVHi TO INTRODUCTORY COLLEGE CHEHISTRY STUDENTS 
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Time should be made available for a student to try to solve an experiment- 
al problem, discover an error in the procedure or judgment, and then try 
again. The Advisory Council on College Chemistry has developed and dis- 
cussed the feasibility of using television tapes, film loops, and computer 
assisted instruction (CAl) to supplement lecture and laboratory. Some 
excellent television tapes and film loops are available vihich iULustrate 
specific laboratory techniques or provide visual instructions for opera- 
ting or understanding the principles of specific instruments. Films are 
also available which present the student with experimental data which he 
can then interpret and which peimiit him to draw conclusions. In addi- 
tion, pre-labs are excellent for safety precautions, experimental design 
discussion, and experimental technique descriptions. 

Use of Pre-laboratory Instruction 

The data in Table 21, statement "1," disclose, valid, a dis- 
turbing lack of responsibility on the part of a few chemistry educators. 
The data (the total number of institutions in each category minus the 
value listed in Table 21, statement ”1, I^es of Instruction) showed 
that 11 per cent of the university professors, 7 per cent of the liberal 
arts professors, B per cent of the junior college professors, and 9 per 
cent of the specialized institution professors did not expect students 
to have read directions prior to laboratory. Perhaps the answer lies 
in the observation that some institutions do not offer laboratory. This 
observation does raise several questions, however. Assuming the data to 
be correct, does this indicate a lack of responsibility on part of the ’ 

^^^Ibid., p. 11. 
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professor, or does this indicate that students are designing their own 
experiments? One professor emphatically stated that he did not believe 
in pre-labs. Three professors indicated post-laboratory examinations. 

The data in Table 21 disclose that the typical pre-laboratory, other 
than leaving the responsibility up to the student himself, revolves 
around the instructor dispensing information to the student. The four 
most generally accepted pre-laboratory instructions as evidenced by a 
69, 76, 77, and 83 per cent indicated usage ("All Institutions" column. 
Table 21) of "T^es of instruction," in the ascending order from least 
favored to more favored, are: (l) special emphases and differe’^t points 

are elucidated (item "11"), (2) the theoretical basis of the experiment 
is discussed (item "9"), (3) questions are answered (item "10"), and (4) 
procedure is discussed (iten "8"), A total of 26 T|ypes of Instruction 
including 15 under the choice "other" were discussed. 



TABLE 21-A, T-TEST OF SIGNIFICANCE 



Topic 


J,C, 

vs. 

Spec, 


L,A, 

vs. 

Spec, 


lAiiv, 

vs. 

Spec, 


lAiiv, 

vs, 

J,C, 


Iftiiv, 

vs, 

L,A, 


L,A, 

vs, 

J,C, 


Degrees of Freedom 


51 


87 


92 


121 


157 


116 


Pre-lab Instruction 


(See Table 21) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


1 


0.113 


0.231 


0.272 


0,636 


0.987 


0.167 


2 


0.213 


0.929 


1.339 


1,613 


0.622 


1.043 


3 


0.032 


0.476 


0.229 


0,323 


1.345 


0.802 


4 


1.057 


0.666 


0.433 


1,005 


0.424 


0.664 


5 


0.000 


0.390 


0.378 


0,701 


0.044 


0.723 


6 


0.760 


0.556 


0.378 


1,225 


0.631 


0.641 


7 


1.780 


1.076 


0.771 


2,953* 


1.037 


1.939 


8 


1.035 


0.063 


1.083 


0,000 


2.511* 


2.204* 


9 


0.383 


0.018 


0.974 


0,986 


2.011* 


0.663 


10 


0.383 


0.018 


0.820 


0,716 


1.675 


0.663 


11 


0.278 


0.250 


0.540 


0,405 


0.588 


0.078 


12 


0.654 


0.083 


0.153 


1.355 


0.142 


1.406 
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•J^^Significant at the five percent level of confidence. 

The t-test score of 2.953 in Table 21-A, statenent "7” and the 
t-test scores of 2.5U and 2.204 (statenent *'8") and 2.011 (statement 
“9") show the foUovdng differences in pre-laboratory instructional pro- 
cedures between the different college classifications: (l) the junior 

colleges place more emphasis upon demonstrations as a pre-lab procedure 
as indicated by a significant difference at the five per cent level of 
confidence (t-test score - 2.953) when compared with universities , (2) 
the liberal arts colleges favored more discussion on procedure arid the 
theoretical ba'sis of the ^eriment when compared with universities at 
the five per cent level of confidence (t-test scores = 2*511 and 2.204), 
and ( 3 ) a similar significant difference at the five per cent level of 
confidence (t-test score = 2.011) v/as noted between the liberal arts 
colleges and Junior colleges, in favor of the liberal arts colleges. In 
regard statement "8” of Table 21— the discussion of procedure. 

One professor directed attention to the use of television tapes 
covering equipment and setup prior to laboratory work. The availability 
of audiovisual educational media specifically designed by AC^ menbers 
(Table 21 data show only one respondent using television tapes while none 
indicated the use of film loops) for the use of f ilm loops was lacking. 
The ansv/er probably is reflected in that the use of television tapes for 
pre-labs came considerably before the formation of AC^ and is probably 
only superior to demonstration where large numbers are involved unless 
the student is able to review the tapes. One college professor in the 
survey remarked: 

Visual aids are overemphasized. !Ihey are good but tend to 

oversimplify. 
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This remark tends to support the above statement in relation to the 
low usage of audiovisual media in pre-laboratory instruction. 

Procedure for Handling Experimental Data 
The spirit of science cannot be Imparted by words alone since the 
nature of a scientific enterprise is shown most clearly by carefully 
thought-out laboratory work. In order for laboratory work to be suc- 
cessful an experiment must be meaningful and data must be collected and 
interpreted. "Data are the infownation which is derived from an experi- 

IjA O 

ment or observation." and in order for data to be interpreted, data 

must be available for inspection and this necessitates instruction in 

the proper use of recording data. According to the Advisory Council on 

College Chemistry, "fill-in-the-blank" reports are much less valuable 

than keeping a notebook or journal, or writing reports in the style of 

183 

articles presented in scientific publications. Procedures used by 
the different institutions as to the method (s) by which their students 
handle data (Table 22) show a great deal of variability. There seems 
to be no one way of handling data (nine different methods were listed). 
The most typical method, as indicated by a 41> 46, 34, and 25 per cent 
response to item "3" in Table 22 by universities, liberal arts colleges, 
jmior colleges, and specialized institutions, in the order listed, is 
to have students record data in blank notebooks. The 41 pei* cent re- 
sponse by all institutions indicating some adherence to this practice, 
however, there is insufficient evidence to warrant this as a typical 

182 

John W. Renner and William B. Ragan. Teaching Science in the 
Elementary School . New York: Harper and Row, 1968, p. 163. 

183 

■^Haenisch, "Experimental Curricula in Chemistiy," pp. 21-22. 
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One respondent indicated a departure from, standard manual soon 



practice by college professors; this is one of the data recording de- 
vices suggested by the Advisory Council on College Chemistry# The data 
in Table 22 , item ”5r-a" show 18 per cent of all institutions surveyed 
(21 per cent of universities and 33 P®r cent of the specialized institu- 
tions) still allov; students to record data in the spaces provided in the 
laboratory manual — apparently the old cook book is obsolete but is still 
being used# 



Recording of Laboratory Data 

Tbe most important function of a laboratory report is to focus the 
student *s attention on the interpretation of data and the significance 
of results obtained from the experiment# Many of the new experiments are 
designed to permit real ffeedom of thought on the part of the student and 
can be written up in a project form#^ ^ The purpose, procedure, experi- 
mental data (in a form designed by the student), conclusion, and, most 
important, an analysis of the results can be written in concise form# 
Students need the experience of making interpretations of data, instead 
of having college professors make interpretations for them# The first 
prerequisite in data interpretation is keeping accurate and complete 
records# 

There is no question that grading of the project-type of report is 
time consuming# However, the project-type (research-type) of report can 
help to develop the student *s report writing ability and lends itself 
well to the type of experiments and reporting which require some creative 

project foim is a research-type report which is prepared 
individually by the student and patterned after a research notebook# 
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thinking on part of the student. AC^ has encouraged that instead of the 
"fill-ln-and~detach" type of laboratory texts and manuals, professors 
require students to use the research-type reports, prepared individually 
and patterned after a research-type notebook. Perhaps the logical answer 
to the time consuming evaluation of the research type report is a reason- 
able student per instructor ratio or an increase in the number of capable^ 
qualified student assistants. No one will deny that the use of the re- 
search type report is of considerable value, but it is time consuming 
and therefore limits the number of experiments that can be done. A com- 
promise between using other methods of reporting in part of the first 
course and the report written in the research manner in other parts of 
the course, allo^vs both more lengthy experiments to be undertaken and 
experiences to be gained in report siting as well. 

i^ype of Reporting Expected by Institutions in the Survey 
The interpretation of the data in Table 23 allowed the investigator 
to conclude that the most typical type of data reporting expected from 
first-year college chemistry students is to have them fill-in-data and 
results on printed sheets as shown by a 61 per cent response to statement 
"1" in "Total” column. An equivalent number of professors expect graphs 
as evidenced from the data (statenent "S") and the third preference is 
full calculations (a 51 per cent positive response to itent "5")* The 6l 
per cent response (statement "1," Table 23) of all professors to the 
previously mentioned fill-in-data reporting practices indicates a pos- 
sible acceptance of this practice. The data from the survey, as shown 
in Table 23 > stat©nent "7” reveal that 42 per cent of the respondents 
request answers to supplementary questions on printed sheets. The 



13d 

specialized institutions, by a 66 per cent response (Table 23, statement 

"2”) allow their students to design their own report sheets. Pull essay 

reports (item "3”) were used by 16 per cent of all institutions (the 

junior colleges showing a high of 33 per cent) indicating a rejection 

of the Advisory Council on College Chemistry plea for research-type 
185 

reports. Here, the investigator suggests that any first-year chemis- 
try course consists of a series of compromises. One of these is between 
the time the student spends in experimentation, calculation, interpreta- 
tion, and report writing. By using methods intend *4 to shorten the time 

spent on report writing moro time is available for the other activities. 

% 

ibis should net be carried to the extreme, however. Some experiments 
should be written by the research-type report method. 



TABLE 23-A. T-TEST OF SIGNIFICANCE 



Topic 


J. C. 

vs. 

Spec. 


L. A. 

vs. 

Spec. 


lAiiv. 

vs. 

Spec. 


Iftiiv. 

vs. 

J. C. 


Univ. 

■vs. 

L. A. 


L. A. 

■vs. 
J. C. 


Degrees of Freedom 


51 


S7 


92 


121 


157 


116 


Laboratory Re^rts 
(See Table 23) 


(1) 


(2) 


t-test 

(3) 


(4) 


(5) 


(6) 


1 


1.403 


1.351 


1.667 


0.703 


1.323 


0.396 


2 


■ 2.818» 


2.192* 


2.821* 


0.286 


0.943 


1.041 


3 


0.278 


0.929 


1.180 


2 . 341 * 


0.384 


1.954 


4 


0.042 


0.754 


0.137 


0.148 


1.818 


1.313 


5 


0.275 


0.649 


0.374 


0.126 


0.546 


0.571 


6 


2.359» 


3.664* 


2.5m 


0.230 


1.195 


0.793 


7 


1.481 


0.567 


1.337 


0.391 


1.459 


1.574 


8 


1.653 


1.433 


1.084 


1.037 


0.652 


0.498 


9 


0.548 


0.446 


0.580 


0.000 


0.297 


0.245 



■^Significant at the five per cent level of confidence. 



185 

"Instruction in General Chemistry and Expanding Student Popu- 
lation," p. 11. 
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The t-test scores of 2.818, 2.192, and 2.821 dn Table 23-A, columns 
“one,^' "two,“ and "throo,” laboratory reports, statement "1," show the 
practice of students designing their own report sheets favored the spe- 
cialized institutions over the junior colleges, liberal arts colleges, 
and the universities at the five per cent level of confidence. The 
t-test scores with respect to statement "6" — duplicate raw data sheets 
(carbon paper record )— under columns "1,” "2," and "3" of Table 23-A, are 
2.359, 3*664, and 2.511* The t-test scores for both statements ”1" and 
“6" show, at the five per cent level of confidence, that a higher per 
cent of the specialized institutions students design their oivn report 
sheets and use raw data sheets with carbon records than do the students 
from the other three categories. 

The professors from all the institutions surveyed, as shown in Table 
23, listed a total of 26 different methods used by students to record 
data. What do these data imply? Are there really this many ways of re- 
cording experimental data which are educational beneficial to the student? 

Useful suggestions were also offered in the additional comments by 
professors and several practices were suggested. Two such practices 
were the requiring of students to keep data notebooks and to duplicate 
raw data sheets for evaluation by the laboratory instructor. 

The response to Part I, sections 10, 11, 12, 13, and 14 of the 
questionnaire indicates that the majority of the chemistry professors 
answering the questions related to chemistry laboratory believe the 
present introductory college chemistiy laboratory course to be unsatis- 
factory for all students. They believe that the regular laboratory course 
could be significantly improved by scrutiny in designing and selection 



of laboratory experiences as evidenced by a majority of responding 
institutions using a combination of staff prepared and commercially 
prepared materials, but some also believe that modification of the regu- 
lar course may lead to superficial results for the specializing students. 
The group as a "whole seem quite definitely opposed to the deletion of 
first-year college chemistry laboratory from the college curric\aum. 

The professors also indicated some effort in the development of new 
experiments and expect their students to take part in designing his own 
experiments. A few of the professors indicated the use of unknowns and 
unknown analysis. One college indicated the use of a class-project type 
experiments. Here small groups of students (30 or less) are each assigned 
a different aspect of the problem (different masses are assigned in a 
compound synthesis). The use of experimental techniques and the stres- 
sing of safety was also emphasized. 

The data from the responses to the questions related to the labora- 
tory phase of introductory college chemistry imply a need for standards 
regarding the selection of laboratory experiments and agreement on the 
methods to be used in recording data. 

TiTpe of Honors Courses Offered 

Observation of the data in Table 24 shows that 41 colleges offer 
honors courses with a minimum of 23 different course descriptions, the 

I 

more typical one being the a course in chemical principles with descrip- 
tive chemistry. Part A of Table 24 shows the variety of courses offered^ 
the inference from these data is that a single honors course does not 
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meet the needs of all colleges and imiversities. Part ”B" of Table 24- 

Methods for Selecting Students— confirms this inference by disclosing 

that there are almost as many ways of selecting students for honors 

coxirses as are variety of honors courses. The more popular methods were: 

(l) placenent exams, (2) high school science background, (3) high school 

record, and (4) high school chemistry grade. 

There was insufficient evidence to detect a trend with relation to 

the suitability of "available" textbooks specifically designed for the 

honors course,, however, the majority of the university professors who 

responded (Part "C" of Table 24) felt that suitable textbooks and labors- 

% 

tory manuals are available. The reader is directed to Part C of Table 
24 for an analysis of some of the practices and suggestions of individual 
professors. 



Challenging the Superior Student 

The failure of a college to challenge the fraction of each freshman 
class that is superior is a luxury that society and colleges cannot 
afford. Not to require the best efforts of the better students in order 
that the average students can get by is an injustice to both groups of 
students and our collective future. At least four types of programs for 
the superior students are now in use: (l) honors courses, (2) seminars, 

(3) advanced placement, and (4) independent study, 

A small percentage of all institutions surveyed are using indepen- 
dent study, conference study, advanced placement, special projects, and 
several other methods to challenge superior students. The nature of 
these challenges is shown in the tabulations of Table 25 (Parts "B," 

"C," "D," "E," and "F"), M^y reasons were given for not specifically 



TABLE 25. CHALLENGES TO SUPERIOR STUDENTS 
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TABIE 25. (Continued) 



U6 






• 

4> 




18 

5 




«o ^ 


o 


o o 


O O H 




to 


H •4’0 O 


H 


H 


tt 


























p:l 

-a; 


• 


3?1 


c? 


O^ C<> O' O^ H H 
H 


H 


H H 


H H <M 




s 


CM O' H H 


cn 


CM 






>o «} 


>o 


nO iTk O O O O 


O 


O O 


O O O 




to 


O O O O 


O 


O 


Spec. 


H 


H 


H OJ 




















No. 


OJ H 


Oi 


CM mo O O O 


O 


O O 


O O O 




H 


O O O O 


O 


O 


• 

i 




C;;OJ 




-4-0' CM r-o O 
CM 


O 


O CM 


CM CM O 




C^ 


O CM O O 


O 


O 


• 


• 

o 

•K 


C^ H 


to 


CM ^ H cr>0 O 


O 


O H 


H H O 




cn 


O H O O 


O 


O 


tt 

t 






c- 




H 


H O 


O O O 




s 


CM C*- H H 


O* 


CM 


<5 

• 




























i 


Cf\tO 

H 


nO 


vQ CA ■4* H H 
l"4 


H 


H O 


O O O 




to 


CM 'O H H 


OJ 


CM 




yfi. 


21 

1 




m CM o o 


O 


O O 


O O CM 




e^ 


O CM O O 


H 


O 


I 


• 




to 


so mcM o o 


O 


O O 


O O <M 




>o 


O CM O O 


H 


O 








I 














m 



I 



VI 

o 



V 



Tl ; ^ 

S«-S'“ 

•p p g 
c H 3 o 

g & & «> 






till "i 
fla§.p 

'd •« *H •ri H »H 





• 0 04^* 

«d Q ass O CO P 

• • e 

lf\vO O 



;* . 

S'" ^85 

II ^ 

• as. 

e g •> 

w..oVo34d • • • 

^ ^ ^ CO << AO lO 43t P 

O S '€ • « • 

O 8 4^ H Ct 




n 

A 



o 

CO 



o 

o 

• 



n 

t 

<< 

3 






o 

ss 






o 






o 

ss 






o 



.^i 






o 

!3 



12 

o 

0) 

CO 



o 

CJ> 

o 

0) 



CN2 



n o> 

^ 0) 
O 4^ JO 

•o t=> 

4^ 3 $ 

CO -P > 



,c 

c 



CO 

c 

o 

•H 

CO 

^ 3 

u 

3 -H 

.S'® 

H 



(tf 

t 

O 

•P 



(0 

0> 

0) 

o 






_ o 

U <P 
0) :i 

^ -p 

^ a 

<P O CO 

'^11 

H CO 

bO 3 -P 

g 

^h'S 

I «p 



h 

-p 

10 

. o 

«> 

0) 

rC <P 
43 0 
o o 

P13 

«» » 
iH 

° -s 

;3 

•H 

i 



gis>A" 

U K CA 0) 



w p 0> 
^ P< 



0) 



• • 

0) ^ 



10 

.H 

0 

1 



CO 

"S 

0) 

TJ 



CO 

Q> 

3 

4^ 

10 



>» » 
(« Xi 
T> -P 

&w 

4) .H 
> 10 
4) CO 
cd 

CO o 

*S 

4) CO 

I 

n 



cn 



U7 

-^fxO H O H CM HO 



O 

CM 



I I i 



C^^C»^HCM»A C\J H -itCOH 



0«00000 «0O 



III 
H III 



OHOOOO HO CM OOCM 



U^OsOOOO CMCM 



CM III 

CM ill 



CM-4-0000 HH C*^HU^ O 



O-iJ-OOOO OO 



^ III 



0C*^0000 OO O CM Q O 



C7^-4--4^HCMnO OO 



£ H CM lA OO 





II 

5 p Ch H 
* u u O o 
4) bO bO o 

S 10 



I 



o 
€> 

H CO 
O 
O 

. ’§ 

.. 2"^ 
ao-5 "8 o *§) 8 

S^^Sco-p-- 




CM 



I I I 
I I I 



H ir\{ 



4) 

•o 

I 

0 

43 

8 

43 

1 

Q 



4) 



CM C^-4' «N'*0 CO CO H CM 



n 

•P 
o 
4) 

•1-3 

& u 

4) 4) I I'b^ 
H .e P H u^c^ 
cd S 

8 sa: (8 (0 ^ <> 

8 . 






other Methods Used to Challenge Students 

1, Avoid duplication with high school lab. 

2. Talented students are taught to program 
chonical problems for computer and then 
run the programs. 
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designing courses to challenge the superior student. Part A of Table 25 
gives an excellent picture of the negative response to a challenge to 
superior, students, the more popular one being the lack of professor time. 
One respondent believes that there is no such thing as "superior" stu- 
dents or "special" talent 5 in fact, he stated that the well-prepared, 
capable student is a myth. Some colleges, however, are providing a va- 
riety of methods to challenge superior or talented students. One note- 
worthy method -vrais the placement of students by examination in the second 
semester of the first-year course or in an upper level chemistry course. 
One professor took issue with the provision of a challenge to high ability 

ft 

students by stating, "Our work is demanding enough to challenge the best, 
We do not introduce research to freshmen, Vfe do not regard this as ad- 
visable or sound education," 

Objectives and Aims of Introductory College Chemistry 

A list of 24 possible objectives of first-year college chemistry 

including a space under the title "other" for additions was assembled 

1B6 

from many sources. To bring forth any differences between the opin- 
ions of the respondents, the 210 college professors from a total of 212 
institutions in the four college categories, the replies are tabulated 
under five headings in' Tables 26 and 2?. The results are compiled in 
terms of percentages and under the headings of "very important," "some 
importance," and "not at all important," In arranging and phrasing the 
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Objectives of first-year college chemistry were taken from ar- 
ticles in The Journal of Chemical Education (listed in the "periodical" 
section of the Bibliography), the publications of the Advisory Council 
on College Chemistry (listed in the "bulletin" section of the Bibliog- 
raphy) and from the -objectives listed in the "fore^^ord" of many current 
chemistry textbooks and laboratory manuals. 
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possible list of objectives, an attempt was made to include both lecture 
and laboratory objectives and aims which have been recently discussed 
(within the past five years) in articles descidbing new first-year col- 
lege chemistry innovations in individual institutions of higher education. 

Two replies were not in proper form for tabulation and although ad- 
ditional comments were invited only two professors contributed additions. 

In one institution the questionnaire was answered by a committee of pro- 
fessors within the chemistry department; six institutions indicated two 
menbers, in consultation; completed the questionnaire while in others 
the professors as individuals filled in the answers. 

Interpreting the data presented in Part II of the questionnaire 
proved to be rather difficult. The percentage approval which constitutes 
sufficient approval to justify the acceptance of a given aim as a general 
objective is very difficult. As a basis for discussion, when seventy-five 
percent of the replies are scored “very important," the objective is 
taken as generally accepted; and, when sixty-seven per cent score "very 
important," there is a sufficient majority to say that the objective is 
accepted by most professors. A percentage of fifty-five to sixty indicates 
only possible acceptance; conversely, a return of less than thirty-three 
percent response to "very important" indicates a rejection of the objec- 
tive. 

The preponderance of reaction from the professors as shown by an 
examination of data in Table 27 reveals that the "most important" selec- 
tions from the list of 25 objectives and aims of general college chemis- 
try (23 preselected and two additions), which may ^ considered as gener* - 
ally accepted (response to "very important" is 75 per cent or larger) to 



TABLE 27. PERCENT OF INSTITUTIONS SCORING OBJECTIVES AS "VERY IMPORTANT" 
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Number 

(See Table 26) 


Percent of Institutions Responding 
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48 
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38 
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be: (l) develop the ability to do critical thinking (Table 26, Objective 

"3"), (2) make the students familiar with the facts, principles, and con- 
cepts of chemistry (Table 26, Objective (3) help the student to 

understand the nature of matter and its transfoimations (Table 26, Objec- 
tive "2"), (4) develop the ability to handle quantitative problems (Table 
26, Objective "10"), (5) develop intellectual honesty rather than foster 
the search for the "right" answer (Table 26, Objective "16"), and (6) 
teach students to be precise in observation and expression (Table 26, 



TABLE 28. THE FIVE MOST SIGNIFICANT OBJECTIVES OF INTR(»UCTORY CHEMISTRY AS RANKED BY UNIVERSITIES 
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TABLE 29. THE FIVE M06T SIGNIFICANT OBJECTIVES OF INTRC®UCTORT CHEMISTRY AS RANKED BY LIBERAL ARTS COLLEGES 
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Objective "12"). 

From the literature survey of objectives (See Periodical Section of 
Bibliography), the investigator surmises that there are almost as many 
sets of objectives as there are chemists interested in first-year college 
chemistry. In this survey, however, agreement was found on several 
objectives of first-year college chemistry that may be considered as 
generally acceptable. When the respondents were asked to select and 
rank from the choice of objectives listed in Table 26 what they felt to 
be the five most important course objectives of general chemistry in the 
descending order of most important to least important (these data are 
presented in Tables 28, 29, 30, 31, and 32), the resulting data reveal 
that chemistry professors are concerned about course objectives and agree 
on some course objectives and aims. Selected from the objectives listed 
in Table 27, the university professors* choice and rank of five objec- 
tives that they considered as general objectives of freshman chemistry 
(in the order of most important to least important) are the objectives 
listed in Table 28 numbered "3," "10," '>2," "4," and "12". The five 
choices of the liberal arts professors are "3," "4," "2," "16," and "12" 
(Table 29); the junior college professors five selections are objectives 
"10," "4," "3," "2," and "16" (Table 30); and the specialized institu- 
tion professors* five choices are "3," "2," "12," "4," and "16" (Table 
31 ); and, in summation, all college professors affirm in Table 32 the 
five most important general objectives of introductory college chemistry 
to be: ( 1 ) develop the ability to do critical thinking (Objective "3"), 

( 2 ) make the students familiar with the facts, principles and concepts 
of chemistry (Objective "4"), (3) help the student to understand the 
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nature of matter and its transformation (Objective (4) develop the 

ability to handle quantitative problems (Objective "10") and (5) develop 
intellectual honesty rather than foster the search for the "right'' answer 
(Objective "16" )• A comparison of the data in Tables 28, 29> 30, and 31 
show that college professors, regardless of the classification of insti- 
tution, agree on the five general objectives of freshman chemistry but 
disagree in their order of preference. 

The objectives in Table 32 accepted by most professors (response to 
"very important" in Table 27 is at least 67 per cent but less than 75 per 
cent) are: (l) involve students in a scientific inquiry which combines 

theory and experiments in the solution of a problem (Objective "3"), (2) 
provide practice and reliable reporting of data and training in how to 
differentiate between relevant and irrelevant data (Objective "14"). 

The objectives in Table 27 which the professors ranked as indicating 
possible acceptance (a percentage return of 55 to 60 per cent) are: (l) 

development of special interest, habits, and abilities which should bo 
contributed to by all courses of science (Objective "8"), (2) formulate, 
as well as answer questions (Objective "15")> (3) train the students to 
analyze errors and to learn how to minimize them by making appropriate 
modifications in experimental procedures (Objective "17")> (4) train the 
student to recognize the limitations of a given experimental method and 
learn how such limitations may be overcome (Objective "18"), (5) provide 
the student direct experiences related to concepts expounded in the 
classroom (Objective "19" )> (6) develop selected manipulatory skills 
involved in laboratory techniques (Objective "21"), (7) bring the student 
to the point where he can function in a scientific laboratory (Objective 
" 22 "). 
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TABLE 26-A. T-TEST OF SIGNIFICANCE 





J.C. 


L.A. 


Uhiv. 


Uhiv. 


IMiv. 


L.A 


Topic 


vs. 


vs. 


vs. 


vs. 


vs. 


vs 




Spec. 


Spec. 


Spec. 


J.C. 


L.A. 


J.C 


Degrees of Freedom 


51 


f 

i57 


92 


121 


157 


116 



Objectives and Aims 

of t-test 

Introductory Course 

(See Table 26) (1) (2) (3) ( k '. (5) (6) 



1 


0.577 


1.571 


1.252 


1.247 


0.722 


1.822 


2 


0.943 


0.848 


0.430 


0.671 


0.854 


0.082 


3 


0.531 


0.796 


0.730 


0.858 


0.456 


0.698 


4 


2.359* 


2.631* 


2.099^ 


0.192 


0.146 


0.091 


5 


1.338 


0.657 


0.915 


0.789 


0.659 


1.401 


6 


1.315 


1.159 


1.268 


0.192 


0.334 


0.478 


7 


1.244 


0.123 


0.159 


2.469* 


0.088 


2.479^ 


8 


0.855 


1.170 


0.567 


0.427 


1.457 


0.819 


9 


1.845 


0.074 


0.300 


2.322* 


0.483 


2.980«- 


10 


1.419 


0.546 


0.546 


1.177 


0.163 


1.490 


11 


0.620 


1.094 


0.771 


2.250* 


0.369 


2.787* 


12 


0.943 


1.076 


0.904 


0.510 


0.328 


0.324 


13 


1.035 


1.268 


1.645 


1.282 


0.658 


0.683 


14 


0.548 


1.256 


1.445 


1.758 


0.396 


1.415 


15. 


0.801 


1.021 


0.893 


0.2U 


0.275 


0.444 


16 


O.3O6 


0.279 


0.774 


0.831 


1.106 


0.065 


17 


0.668 


1.060 


I.AI9 


1.408 


1.101 


0.591 


18 


0.035 


1.382 


1.611 


2.689* 


0.582 


2.273* 


19 


0.454 


0.437 


0.770 


0.534 


0.612 


0.008 


20 


0.154 


1.675 


1.201 


2.342* 


0.633 


3.151* 


21 


1.856 


0.380 


0.223 


2.456* 


0.253 


2.435* 


22 


0.454 


1.243 


1.310 


1.552 


0.638 


1.221 


23 


0.067 


0.804 


0.782 


1.227 


0.201 


1.201 


24 


0.000 


0.390 


0.624 


1.157 


0.573 


0.723 



■^Significant at the five per cent level of confidence. 

The professors from all institutions surveyed, as shbvm in Table 32, 

rejected (response to objective is less than 33 per cent shown in Table 

✓ 

27) the foUo;idng as general objectives of the introductory college 
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chemistry course: (l) acquaint students with new findings of chemistry 

and to point out their applications to everyday life (Objective "5")> 

(2) give students an idea of the importance and significance of chemistry 
in our national life (Objective "7"), and (3) expand the interest of 
individual students by encouraging hobbies (Objective "9")* 

The t-test scores of 2.359, 2.631 and 2.099 in Table 26-A, statement 
"4," columns "one," "two," and "three," show a significant difference at 
the five per cent level of confidence between the specialized institutions 
and the other colleges and universities with respect to objective "4" in 
Table 26: ’’make students familiar with the facts, principles, and con- 

cepts of chemistry— in favor of the specialized institutions." Tliese 
statistics infer very lit^e information, however, since all institutions 
accepted statement "4" in Table 26 as one of the five general objectives 
of first-year college chemistry. 

Two additions were added to the list of possible objectives and 
aims. These are: (l) destroy the idea that chemistry is alien or magic, 

and (2) to read for content and understand it. 

Course Evaluation 

An excessive amount of staff time can be consximed when the evalua- 
tion procedures listed in Table 33 are used in evaluating the first-year 
college chemistry course. The selection of standards for evaluating a. 
first-year college chemistry course are difficult idiether it be short or 
long range. 



Methods of Evaluating Success 
of Introductory Course 

The tabulations concerning the ensuing methods of evaluating the 



TABIE 33. METHC»S OF EVALUATING THE SUCCESS OF THE INTRODUCTORT CHB1!ISTRT COURSE 
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I introductory college chemistry course from a preselected list including 

a space for additional methods under the choice "other" are listed in 
Table 33* The more popular methods used to evaluate the success of the 
first-year college chemistry course as shown in Table 33 are subjective 
observations (Method "2"); special examinations (Method "1"), and dis- 
cussion Involving the entire chemistry faculty (Method "4")* The evalu- 
ation methods, in general, were Indicated to be spasmodic rather than 
periodic. The use of student completed questionnaires were indicated 
by 4S of the respondents (Method "3")* 

The additional comments of individual professors revealed helpful 
ideas related to successful methods of evaluating a course. These range 
ftom yearly evaluations to the follow-up and success of students in 
subsequent courses including graduate work. The data revealed (Method 
"5") that only 19 colleges and universities (a nine per cent response) 
indicated no course evaluation. 
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CHAPTER VI 



SUPPLEMENTARY MATERIALS, EQUIPMENT, OUTSIDE M/ITERIALS, 

METHODOLOGY AND ‘TEACHING TECHNIQUES 

The portion of the survey covered in this chapter is a summarization 
of the supplementary materials and methodologies used by the chemistry 
professors in the sample in their introductory college chemistry courses. 
Materials and teaching methods are only incidentally mentioned in the 
literature and the list presented in Tables 34-37 is the result of lit- 
erature findings. 

Supplementary Materials, Methodology and Teaching Techniques 

( V 

These two topics as sho;vn in Tables 34 and 35 contain fifty-six 

items including a category of "other," The data in these two tables and 

187 

the suggestions of the Advisory Council on College Chemistry imply 
that a college professor should have the following supplementary teach- 
ing aids at his disposal: Television tapes (video tapes), a library of 

single concept film loops, a library of film loops on laboiatory tech- 
niques, films, film loop projector, overhead projector and transparency 

188 

sets, programmed materials, and computer assisted instruction (CAl), 

AC3 also specifies that effort be made to stimulate a series of outlines, 
paperbacks, and suggestions for teaching chemistry at the first year 
college level. The AC3 publications and the survey findings in Tables 
34 and 35 also show atomic and molecular models, journal articles, and 

/i 187 

Haenisch, "14odem Teaching Aids for College Chemistry," pp. 1-2, 

p. 21. 
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TABLE 34. NUMBER AND PERCENT OF INSTITUTIONS CHECKING SUPPLEMEKTART MATERIALS UBID FOR INTRODUCT(»T COLLEGE 
COURSES IN-CIASS BY INSTRUCTION AND OUTISDE-THE-CIASSROOM BY STUDENTS 
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supplementary books are worthv;hile teaching aids and supplements. 

The course outlines and syllabi ■which were either attached to or 
enclosed with the returned completed questionnaires also show recitation 
sessions, problem solving session, and student presentation of problems 
and solutions to be valuable aids to the learning of first-year college 
chemistry. Self-instruction, on the part of the student, can lend val- 
uable aid and this assistance can come from programmed instruction, video 
tapes, film loops, and computer assisted instruction. Programmed lessons 
and other homework assignments were suggested by six professors in their 
additional comments as ”ways to handle some of the topics "which students 
may not have mastered. Class time ■would then be free for topics that 
are new to all students. 

A Summary of the Use of Supplementary Ifeterials and 

Methodology and Teaching Techniques by Institutions 

A summary of supplementary materials, methodology, and teaching 
techniques used by professors of introductory college chemistry par- 
ticipating in this survey is presented in Tables 34 and 35* Faculty 
prepared study guides are show. (Table 34, "All Institutions" column, 
item "one‘') to have a 20 per cent in- class use and a 30 per cent out- 
of-class use. The in-class and outside-the-class use of study guides 
at universities is 9*8 and 26.8 per cent respectively^ in liberal arts 
colleges the per cent usage is 24.7 and 33 in junior colleges the 
per cent usage is 29*3 and 36.6; and in specialized institutions the 
per cent usage is 25.0 and 41.6 — one respondent indicated the use of 
a commercial study guide* Does the discipline of chemistry require a 
special method of study? If so, why is the study guide being neglected 
by the majority of chemistry professors? The use of a-file-of-previously- 



TABLE 35. METHODOLOGY AND TEACHING TECHNIQUES USED IN INTRODUCTORY COLLEGE CHEMISTRY 



181 



• 

43 




to 


CNi 






80 


20 


79 


NO 


NO 

oo 


NO 

iA 


to 


12 


to 

H 


to 




» 


10 




































p: 




































M 


• 

o 


NO 


NO 


o 

CA 


:A 


H 

C- 


3 


to 

NO 


C-- 


CA 

to 


5 


to 

H 






17 


lA 

eg 




< 




H 






H 




H 


H 


H 


rH 


















CA 


o 


CA 


to 


CA 


o 


SO 


CA 


£0 


NO 


to 


to 


iA 


o 




lA 




to 




eg 








to 




to 


nO 






eg 




iH 


eg 


• 

o 




































0 




































P« 

CO 


• 

o 


o 


o 


CA 


H 


ON 


o 


q 


ON 


q 


to 


H 


H 


CA 


o 


eg 


CA 




H 










iH 




H 
















• 

n 


ve. 


CA 

to 


CNi 


e-- 


21 


u^ 

e- 


17 


06 


75 


g; 


o 




21 


21 




e-- 


14 


o 




































Cl 




































* 

Pi 


• 

o 


lA 


H 


<A 


ON 


H 




e-- 


H 


q 


On 


NO 


ON 


ON 


-4“ 


CA 


NO 






<A 






CA 




CA 


CA 




eg 














(0 


Vi. 


75 


eg 


n 


29 


to 


16 


-4“ 

to 


to 

NO 


CA 

to 


On 

lA 


ON 




CA 

eg 


10 


NO 


4 


< 

• 




































Idb 


• 

o 


to 


eg 


ON 


CA 


CA 






CA 




NO 


e- 


H 


to 


to 


lA 


H 


sz 


lA 




eg 


NO 


rH 


NO 


CA 


NO 


-if 




H 


iH 






H 




V?. 


to 


<A 


to 


H 


80 


to 


o> 


CA 


H 




-4“ 


e- 




NO 


to 


Q 




C-- 


H 


eg 


eg 


NO 


lA 


to 


-<f 






H 




H 


rH 


ti 


• 

o 




<A 


lA 


to 


NO 


CA 


e- 






NO 


-4“ 


nO 


q 


lA 


lA 


ON 






NO 


rH 


H 


NO 


eg 


CA 


NO 


CA 






H 




rH 





a 

V 

TJ 

M 

0 
0) 
EH 

0) 

'S 

1 



n 

o 

•H 

•P 

•P 



s 

n 

n 

u 

n 

•H 

Q 



to 

o 

Ctf 

0> 

4^ 

0) 

0) 

•P 

•P 



o 

u 

o 



t 

0) 



o 

•H 

•P 

u 



•p 

•s 



0) 

c 

o 

•H 

n 

n 

0) 

m 

o 

•P 

Pi 



n 

c 

o 

•H 

«> 

€> 

10 



n 

0) 

M 

fei 

t 

«> 

O 



10 

•p 

fiO 

0 

•p 

•s 

fiO 

0) 

1 

O 

10 



S 

I 



o 

jC 

•p 



n 

0) 

u 

s 

c 

o 

u 



0 

1 



10 

I 



m 

n 

CO 

s 

!g 

I 

Pi 

cO 



§ 


g 


1 


& 

g 




p: 

o 


«> 

«> 


0 

43 




Q 


Oi 






pej 


o 


CO 


CO 


pej 


H 


oj 


CA 




lA 


NO 


C-- 


to 


On 



g 

jC 

43 

0> 

4: 

43 

0 

Pi 

1 

o 

«> • 
tt to 

«> Ti 

to Id 

i? ? 

tD Pi 



0) 4> 
43 O 

o* o 

a> n 

'% s 

« p: 
a o 
•H o 

o n 

g ° 

n 

fi-g 

« o 

0) 

Pi fi 

Is 

Pci O 



n 

I 

I 

tt 

o 

t! 

clI 

o 

43 

H 

cO 

•H 

O 

s. 

CO 



CO 

p: 

o 

•H 

:§ 

0 
CO 

1 



I 

0 
p: 

•S 

1 

«> 

n 

0 

Ui 

"S 

0 

3 

01 



CO 




(A 



er|c 



182 




given examinations is indicated by an 18 per cent in-class use and a 24 
per cent outside-the-classroom use (the investigator has found that a 
file of old exams make good study guides and acquaint students vdth the 
type of test and the nature of questions to be expected on an exam). 

What is the rationalization behind this low per cent use of previously 
given examinations? Are old tests taboo or do professors fail to realize 
an educational value in making old examinations available? 

The data in Table 34 (Items "7," "9-d," "9-f," "10," "11," "12," 

"13," "14," "15," "IS," and "19") and Table 35 (Item "15") indicate that 

college professors who are teaching first-year college chemistry are not 

utilizing the modem teaching aids as suggested by the Advisory Council 

189 

on College Chemistry. Professors, however, are malcing full use of 
atomic and moleciilar models as evidenced by an 84 per cent in-class use 
and a 24 per cent outside-the-classroom use (Table 34, topic "10," "All 
Institutions" column). Professors are using the 8 mm and 16 mm projector 
and the overhead projector as evidenced by a 42 per cent and a 59 per 
cent in-class use, respectively (item "14," Table 34). The 17 per cent 
use of the film loops indicates that the 16 ram projector is, at present, 
the more important 5 although single concept films are now readily avail- 
able only one respondent indicated use. A three per cent use of computer 
assisted instruction largely as an outside-the-classroom aid by diver- 
sities, liberal arts colleges and specialized institutions was encourag- 
ing since computer assisted instruction has been approved and encouraged 
by the Advisory Council on College Chemistry. The professor's most popu- 
lar teaching technique, other than lecture, is demonstration as evidenced 
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by the data in Table 35 ("All Institutions" column, item "one"), by a 
76 per cent use# 

Several items in Tables 34 and 35 > pertaining to self-instruction 
for students, were checked vrith a low per cent usage. These self-instruc- 
tion materials listed in Table 34 are film loops (topic "7")> tape recoi^d- 
ing (topic "9"), video tape (topic "18") and computer assisted instruc- 
tion (topic "19"); in Table 35 are student presentations of problems and 
solutions (method "13" )> panel discussions (method "2"), special topics 
and reports (method "13")> research journal articles for reading (method 
"14"), programmed materials (method "4")* Assuming paperback books were 
used for this purpose, the out-of-class use, as shown in Table 34 (topic 
"17"), was 72 per cent and is encouraging since the Advisory Council on 
College Chemistry has suggested the use of paperbacks# One professor 
remarked that students were required to purchase supplementary paperbacks 
as part of their supplies# These previously mentioned self-instruction 
materials are shown in Table 34 ("All Institutions" column) to have an 
in-class usage vdiich range from zero to 21 per cent and an out-of- class 
range from zero to 34 per cent# 

Respondents indicated (Table 34> "All Institutions" column, topic 
"6") a 50 per cent out-of-class use of books and a 56 per cent use of 
library (Table 35 > "All Institutions" column, method "10") for other than 
textbook reading, yet only 31 per cent (according to the data in Table 34, 
"All ^Institutions " column, topic "4") have compiled a bibliography of 
reading materials. What kinds of experience are the institutions of 
higher education providing for students in first-year college chemistry 
to assure proficiency in the retrieval of chemical information i*i the 
library? 
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The teaching method, second to the lecture, is shown by the data 
in Table 35 ("All Institutions" column, method "9") to be the regular 
assignment of problems as shoim by an 86 per cent usage either daily or 
weekly. Other teaching methods listed in Table 35, in descending order 
of preference, are series of quizzes and tests (method "7"), and demon- 
strations (method "1") showing percentage use of 79 and 78 respectively. 
The respondents indicated an SO per cent use of review sessions and/or 
tutorial sessions (method "5"); this allocation or reservation of time 
by professors to provide assistance to students is commended. Student 

conferences (method "6") were used by 53 pen cent of the universities, 

% 

68 per cent of the liberal arts colleges, 75 per cent of the Junior col- 
leges and 75 per cent of the specialized institutions with a 64 per cent 
use by all institutions surveyed. 

Regular problem assignments were used by 86 per cent of the insti- 
tutions (Table 35, method "9") replying while student involvement in the 
presentation of problems and their solutions was indicated by only an 18 
per cent use (method "13"). This implies that one institution out of 
five who assign problems allow the student to express himself by pre- 
senting problems and their solutions to the class. Probably the low 
per cent usage (11 per cent response to method "15" Table 35) can be 
attributed to the fact that black boxes in the first course is necessary 
only for illustrating certain basic principles, motivating the student, 
and perhaps use in student research. Most of these things can be accom- 
plished by alternate methods. 

3-90 191 

According to Young and the findings of this survey, the 
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See p. 22 of this survey. 
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See Tables 28-31, pp. 156-167 of this survey. 
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primary objective of the laboratory is to develop critical thinking} the 
low per cent response to the use of open-ended experiments (Table 35, 

192 

"All Institutions" column, method "17") infers that the laboratory 
is probably not being used to achieve its objective# Laboratory experi- 
ments, however, are currently being used which are not dependent on ma- 
terials discussed in class as evidenced by a 43 per cent positive response 
in Table 35 (method "19"). Tliis implies that some laboratory experiments 
are being used to illustrate and reinforce the lecture} a practice that 
meets the approval of the Advisory Council on College Chemistry. Indi- 
vidual panel members of the Advisory Council on College Chemistry have 
suggested library study to be an integral part of laboratory work} the 
findings of the survey ^Table 35, items "10" and "14") indicate a library 
use of 56 and 8 per cent, respectively# 

Equipment and Outside Materials 

The Advisory Council on College Chemistry suggest that every chemis- 
try department should have as part of its laboratory and demonstration 
equipment, in addition to a lecture table, a digital voltmeter or equi- 
valent, pH meters, several automatic (single pan) balances, and spectro- 

193 

photometric apparatus# The pH meter and spectrophotometer provide 
means by which quantitative information can be gained in areas such as 
kinetics, metal- ion determination, buffer systems and weak acid-base 
titrations. Direct reading balances are valuable time savers and a 
necessary part of statistical work in the study of laboratory accuracy 

192 

The open-ended experiment allows a student to perfom an experi- 
ment at his own pace (vjithin limits), and is encouraged to find answers 
at the time they arise d\iring the course of the laboratory work, 

193 

Haenisch, "Modem Teaching Aids in College Chemistry," p. 2# 



and precision can be of real teaching value by permitting a wider 
latitude of experiments. 

The investigator *s feeling is that colleges and universities need 
to show interest in students and give them more than a two by four edu- 
cational experience — inside the two book covers and the four walls. 
Resource speakers, clubs and social activities, open-ended investiga- 
tions, and industrial trips are some of the methods that can be used. 

Use of Equipment by Institutions 

The decision to use the nine pre-selected items of apparatus in 
Table 36 was dictated by the suggestions of the Advisory Council on Col- 
lege Chemistry, through their various publications and the members of the 
questionnaire evaluation committee. The colleges and universities show 
a high percentage use of direct reading balances. The principal use of 
the balances is for student experiments but they are also used in demon- 
strations and study of design. Direct reading balances (Table 36 , Equip- 
ment "one") are used in student experiments by 73 of 82 universities, 

46 of 77 liberal arts colleges, 3 I of 41 junior colleges, and 7 of 12 
specialized institutions, a total 157 out of 212 institutions (a per- 
cent use of 74 )• All respondents indicated a use of pH meters in stu- 
dent experiments (Table 36 , Equipment "5") and a 25 percent use in 
demonstrations. The use of a spectrophotometer (Equipment "4") was 

I 

evidenced by 3^ percent response. The professors indicated the use of 
30 other additional items of equipment in addition to that apparatus 
ordinarily assigned to students in laboratories. The geiger counter 
or scintillator (Table 36 , Equipment "8") received a usage of 25 and 22 
per cent. The low per cent use of equipment other than the single pan 
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balance, the spectrophotometer, and the pH meter raises several questions 
as to the nature of first-year college chemistry experiments. 

The data in Table 37 ("All Institutions" column, item "4*0 show 
that only 72 (34 per cent) of all institutions in the sample utilize out- 
side speakers I this raises the question about the utilization of existing 
resources to full advantage (a 49 per cent use of chemistry club activi- 
ties and parties indicate low professor interest in chemistry students 
at the introductory level). Do college chemistry professors need to show 
more personal interest in students? The data tabulations in Table 37 
(iton "5") show that 50 per cent of the universities and 42 per cent of 
the liberal arts colleges are inviting eligible students to engage in 
chemistry club activities and social parties. Would the junior college 
(seven per cent response) and specialized institutions (four per cent 
response) also benefit from one of the few methods designed to improve 
and strengthen professor interest in students and hopefully, the con- 
verse? 

Comparison of Methodology and Teaching 
Techniques Between Institutions 

A tabulation of t-scores to determine whether a real difference 
exists between the means of the responses indicating the methodologies 
and teaching techniques used by chemistry professors in two comparable 
Glassification groups is presented in Table 35-A, The t-test scores 
show that there are no significant differences with respect to the 
methodology and teaching technique practices of the specialized insti- 
tutions and the liberal arts colleges, and the specialized institutions 
and the junior colleges at the five per cent level of confidence. In 
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k ) TABLE 35-A. T-TEST OF SIGNIFICANCE 




Groups of Institutions Compared 



Methodology 


J. c. 


L. A . 


l&iiv. 


Uhiv. 


Iftliv. 


L. A . 


and 


vs. 


vs. 


vs. 


vs. 


vs. 


vs. 


Teaching 


Spec. 


Spec. 


Spec. 


J. c. 


L. A. 


J. G, 


Technique 














(See Table 35) . 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(1) 


0.166 


0.596 


0.409 


0.954 


0.401 


1.259 


(2) 


0.531 


0.556 


0.664 


0.354 


0.379 


0.051 


(3) 


1.671 


1.234 


0.540 


1.616 


1.153 


0.738 


(4) 


1.035 


1.554 


1.083 


0.000 


1.131 


0.909 


(5) 


0.042 


0.793 


0.433 


0.615 


0.642 


1.156 


(6) 


1.523 


1.534 


2.127* 


1.325 


1.675 


0.026 


(7) 


0.640 


0.018 


0.934 


2.585* 


2.011* 


1.037 


(8) 


0.042 


0.423 


1.373 


2.369* 


1.960 


0.763* 


(9) 


1.844 


0.212 


0.065 


2.055* 


0.260 


2.Q32* 


(10) 


0.260 . 


0.447 


1.462 


2.858* 


1.997 


1.168 


(11) 


0.548 


0.083 


0.487 


1.860 


1.037 


0.903 


(12) 


1.035 


0.551 


0.122 


2.350* 


1.412 


1.043 


(13) 


0.213 


0.120 


1.180 


1.399 


1.846 


0.173 


(14) 


1.104 


1.159 


O.9O8 


0.201 


0.363 


0.107 


(15) 


0.942 


1.194 


0.134 


1.616 


2.250* 


0.167 


(16) 


O.8I3 


0.929 


1.339 


0.576 


0.622 


0.050 


(17) 


0.779 


0.523 


1.074 


0.312 


0.964 


0.476 


(18) 


0.721 


0.231 


0.023 


1.392 


0.482 


I.8O3 


(19) 


0.132 


1.160 


1.259 


1.790 


0.157 


1.635 


(20) 


1.323 


1.005 


0.580 


1.625 


1.007 


0.734 


(21) 


0.000 


0.796 


0.539 


0.998 


0.902 


1.476 



^Significant at the five percent level of confidence. 

regard to the use of conference quizzes (statement "6," Table 35), the 
universities show a significant difference (t-score = 2.12?) over the 
specialized institutions at the five per cent level of confidence. This 
would indicate that university professors make more use of conference 
quizzes than do specialized institutions. The t-test scores for state- 
ments “10," "7,» «'8,» »9," and "12" in Table 35«A are 2.85S, 2.585, 
2.369, 2.055, and 2.350 respectively, and show a significant difference 
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at the five per cent level of confidence in favor of the junior colleges 
over universities with respect to the use of the library for other than 
textbook readings; series of quizzes and tests; student conferences vdth 
faculty members; regiilar problem assignments; and special topics and re- 
ports* These statistics indicate that junior college professors are 
offering more self-assistance to students than do university professors* 
The t-test score of 2*011 for statement "7" in Table 35 favors the lib- 
eral arts colleges versus the universities with regard to quizzes and 
tests at the five per cent level of confidence, while the converse is 
true with respect to the use of "black box" instruments (t-test score ~ 
2*255 for statement "15" in column "5," Table 35)* t-test score for 

statement "nine," column "six," Table 35-A, shows a significant difference 
which favors the junior colleges over the liberal arts colleges at the 
five per cent level of confidence with respect to the practice of reg- 
ular assignment of problems* The t-test score of 2*858 in Table 35-A, 
statement "10," column "four" infer a significant difference of the 
junior colleges over the universities at the five per cent level of con- 
fidence with regard to urging students to use the library* These data 
show that junior college professors assign more library readings to 
students than university professors* Do these statistics infer that 
j'unior college professors are placing more emphasis on the teaching of 
introductory college chemistry than the other institutions of higher 
education? 






CHAPTER VII 



PROFESSOR REACTIONS TO STATEMENTS REUTED TO COURSE CHANGES, 

STUDENT INTEREST AND IMPROVEMENT OF TEACHING 

194 195 

Robert I. Walter, L. Carroll King, and the Advisory Council 

196 

on College Chemistry have alluded to the changes in general chemistry 
as largely due to the following forces: (l) the surfeit of knowledge 

appearing in the chemical literature and the rapid development of chem- 
istry and other sciences; (2) the recent improvement in high school 
training in mathematics and the sciences and the impact of the CBA, CHEM, 
and PSSC courses; (3) that more equipment and more modem equipment is 
available for instructional use in undergraduate laboratories; and, 
finally, (4) the graduate schools have come to expect a higher level of 
training during the undergraduate years. AC^ believes that the strongest 
force behind the changes currently taking place in the United States is 
the desire to emphasize the nature of the knowledge obtaining enterprise 
of the chemist and to take the student to the edge of research. Walter 
extended the discussion on course revision by stating: ’’Most teachers 

respond to these forces by making an effort to bring their students into 

contact with the frontiers of chemistry, and they make an effort to create 

197 

for their students a sense of participation in science.” 

^^^Walter, p. 524- 

195 

^King, p. 126. 

196 

Haenisch, ’’The Content of Introductory College Chemistry,” p. 20. 

197 

^ ^Walter, p. 524. 
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Teacher Reactions to Reasons foi* Changing the 
Introductory College Chemistry Course 

The responses to the statements relating to reasons for course 
changes, as shown in Table ^ 8 , resulted in a tally of 26 various reasons 
for change* A possible acceptance of all professors was directed to 
curricula changes brought about by: (l) theories of chemistry are con- 

stantly changing (’’All Institutions" column, item "4" in Table 38) and 
(2) more equipment and more modem equipment are available for laboratory 
and instructional use ("All Institutions" column, item "1" in Table 38) 
as shown by a 55 and 53 per cent response, respectively. Two other fac- 
tors which are also responsible for some course changes are: (l) the 

advent of general chemistry textbooks with a change in emphasis (State- 
ment "5" in Table 38) and (2) the large number of students beginning the 
study of first-year college chemistry who are better prepared in terms 
of high school chemistry and mathematics (Statement "7" in Table 38) as 
evidenced by a 46 and 45 P©r cent response. To note that the professors 
from all institutions (Table 38) rejected the evidence of change due to 
the impact of Chemical Bond Approach (CBA), Chemistry Education Materials 
Study (CHEMS), and Hiysical Science Study Committee (PSSC) courses 
(statement "2"), the diminishing number of chemistry majors (Statement 
"3") and the flood of new information appearing in the literature 
(statement "6") was interesting. These factors have been more fre- 
quently mentioned in the literature as chiefly responsible for changes 
in first-year college chemistry curricula. The general objective of 
introductory college chemistry accepted by professors participating in 
the survey is develop the ability to do critical thinking . CBA, CHEM 
Study, and PSSC innovations are inquiry oriented; why is it that these 
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courses have made very little, if any, impact upon the first-year college 
course? The data in Table 10 (Chapter IV, p, 97) show that only 14 per 
cent of the introductory college chemistry students have prior experience 
in one or more of these secondary science innovations (The data in Tables 

I 

10 and 38 imply a negative response to the emphasis placed on these sec- 
ondary innovations as curriculum change agents since the data in Table 
10 ("All Institutions" column, item "3") show only one student out of 
seven in this survey have had experience in one or more of these secondary 
science innovations prior to enrollment in introductory college chemistry 
and only 34 per cent of the professors (Table 38, "All Institutions" col- 
umn, item "2") agree that the new secondary innovations have had a pro- 
nounced effect upon freshman college chemistry). Tlie three secondary 
innovations listed in Table 38 are having a more pronounced effect upon 
the liberal arts colleges than the other three college categories as 
evidenced by the data in Table 38 by a 42 per cent response to statement 
"2." Not one professor mentioned "recent improvement in the teaching of 
high-school chemistry" as a factor. 

The t-test score of 1.985 in Table 38-A, statement "6," column "6," 
shows a significant difference of the liberal arts colleges over the 
junior colleges at the five per cent level of significance with respect 
to the impact of CBA, CHE^JS, and PSSC courses on the general chemistry 
curriculum. This data implies that more liberal arts professors than 
junior college professors feel these innovations have made a pronounced 
effect upon the freshman chemistry curriculum; liowever, these data infer 
little since the majority of the respondents (Table 38, statement "2") 
reject a pronounced effect on college curricula due to secondary science 
innovations . 
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TABLE 38-A. T-TEST OF SIGNIFICANCE 





J. C. 


L. A. 


Univ. 


Univ. 


Ifriiv. 


L. A. 


Topic 


vs. 


vs. 


vs. 


vs. 


vs. 


vs. 




Spec. 


Spec. 


Spec. 


J. C. 


L. A. 


J. C. 


Degrees of Freedom 


51 


87 


92 


121 


157 


U6 


Reasons for 








• 






Course Change 






t- 


•test 






(See Table 38) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(1) 


1.005 


0.816 


0.606 


1.658 


0.415 


1.401 


(2) 


0.543 


1.721 


1.273 


1.221 


0.959 


1.985* 


(3) 


1.463 


1.168 


1.159 


0.724 


0.030 


0.689 


(4) 


0.418 


0.260 


0.529 


0.125 


1.559 


1.154 


(5) 


0.562 


0.732 


0.252 


1.408 


1.954 


0.206 


(6) 


0.990 


0.682 


0.660 


0.703 


0.052 


0.651 


(7) 


1.U9 


1.479 


1.226 


0.000 


0.519 


0.423 


(8) 


1.251 


1.076 


1.269 


0.000 


0.626 


0.523 



*Signif leant at the five percent level of confidence. 



The implication from the data in Tables 10 (Chapter IV, p. 97) and 
38 is that no one knows just what the nature of the general chemistry 
cotirse is; and, as a group, professional chemistry educators cannot come 
to a common agreement as to what forces are really producing curricula 
changes. One professor had this to say regarding this part of the survey: 
"Why don*t people go their way or try their own ideas rather than trying 
to go by a consensus? A consensus cf fools is still a consensus. Teach- 
ing jf any course, if done with viability, is in constant change. I have 
probably never taught the same course in the same way. Our day to day 
innovations in our teaching and research should serve to keep our cotirse 
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19B 

modem. " The low use of sophisticated equipment raises a question 
as to the validity of change brought about by the accessibility of new 
and modern equipment. This is probably true of the upper level chemis- 
try course, but the impact is probably not felt on the introdiictory 
level. 



Teacher Reactions to Statements of Factors That 
Reduce Student Interest 

The professors from all categories (Table 39) listed 30 factors in 
addition to the pre-selected list of 16 supplied by the investigator 
which they felt to be responsible for limiting student interest in chem- 
istry. The e(xperience with these data was enlightening since there was 
a multitude of reasons listed; however, one topic, and only one (topic 
"1," Table 39), received mutual agreement among all four col].ege classi- 
fications — topics are unrelated to student interest . The professors 
from all categories rejected the following factors in Table 39 as being 
responsible for reducing student interest: (l) too much theory (item 

’'2")> ( 2 ) too much memory work (item "7"), (3) subject too formally pre- 
sented (item "8"), (4) too much telling — too much teacher domination; 
failure of teacher to clarify a general principle (item "18") ( 5 ) fail\are 
to use "practical tangibles" in place of "textbook tangibles" (item "14") 
(6) too little faculty time (item "15") and (7) poor instruction by grad- 
uate students (item "16"). The implication is that college professors 
feel that students loose interest in chemistry because of a lack of in- 
terest in the subject matter topics being presented (item "1," Table 39). 
_ 

The use of sophisticated equipment other than the single pan 
balance and the pH meter iras shown by the data in "All Institutions" col- 
umn in Table 36 to range from a low usage of 8 per cent to a high of 3^ 
per cent. 
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TABIE 39. (Continued) 





(cc) Prestige seeking by faculty. 

(dd) You nane it and someone will have it. 



What factors are responsible for low student interest in a topic? Is 
the lack of interest due to the topic or to the professor *s method of 
presentation? Professors made the above ratings, how would students rank 
these topics? The Advisory Council on College Chemistry is of the opin- 
ion that too little faculty time and poor instruction by graduate stu- 
dents are the principal factors that are likely to cause the quality of 
instruction in first-year college chemistry to suffer. Do chemistry 
professors still acquaint teaching with telling but do not recognize it 
or refuse to admit it? The Advisory Council on College Chemistry states 

that the instruction in introductory college chemistry s\iffers from large 

199 

class size and from professor involvement in research. The data in 
Table 38 show that the college professors in this survey rejected the 
first statement as evidenced by a 45 pei* cent acceptance of topic "7" 
in Table 33 and a 26 per cent approval of item "9” in Table 39 and the 
latter statenent by a 16 per cent response to item "15” in Table 39* 

An analysis of the above information leads the investigator to stir- 
mise that chemistry professors need to take a serious look at their 
pedagogical practices and develop some methods and techniques with the 
ensuing goal to increase student interest in lecture topics. An analy- 
sis of the factors which cause lack of interest is needed. The professors 
have indicated factors which may cause the lack of interest but cannot 
come to any agreement as to the most influential. Probably the two most 
honest appraisals were, "I don't know— certainly varies with the students, 
and "Tou name it and someone will have it." 

199 

"Big Classes Create Big Problems," Chemical and Engineering 
Nevfs . 41, October 28, 1963^ PP* 43-50. 
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l&iterpreting the data presented in Table 40 proved to be especially 
difficult. To assist in that interpretation the following procedure was 
designed to evaluate the teacher responses in Table 40 to statements re- 
lated to suggestions for the improvement of the teaching of introductory 
college chemistry. Each topic in Table 40 is evalxiated by assigning the 
following numerical values: Column one, three points; Column two, two 

points; and Column three, one point. The number of points for each topic 
is added to get an actiial score. The percentile score is calculated by 
multiplying the number of respondents checking that topic by the number 
of points assigned to the column. 

Example: Topic "one" is checked by 25 professors. Thus 25x3 « 75 

= highest possible score. 

Professor Responses to Statement of Suggestions 

for Improvement 

There was sufficient data in Table 39 to indicate that professors 
believe the major reason for the lack of or loss of student interest in 
first-year college chemistry is topics are unrelated to student interest . 
The data in Table 40 (item in “Total" column) show 51 (24 per cent) 
of these professors agree that test-like instruments (inventories and 
checklists) are needed to ascertain and challenge interests of students. 
The data in Table 41 (item "A") show 37> 41, 46, and 35 per cent of the 
professors surveyed in the various categories of institutions (an average 
of 40 per cent from total number of professors) indicated interest of 
"some importance" with respect to the developments of scales to determine 
and maintain stiident interest in introductory college chemistry topics 
("Total" column, item "A"). One professor made a very worthwhile addi- 
tional comment to the last statement. He wrote, "I consider developnent 



TABLE 41. PERCENT OF TEACHER REACTIONS OF DEVELOPMENT OF ITEMS TO IMPROVE IHE TEACHING OF INIRODUCTORT COLLEGE CHEMISTRY 
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of teaching procedures to meet needs and interest to bo very Important. 
The development of test-like instruments to do this I cannot conceive." 



TABLE 42. ASSESSMENT OF TEACHER REACTIOIS TO STATEMENTS REIATED TO THE 
BIPROVEIOTT OF TEACHING OF INTRODUCTORY COLLEGE CHEMISTRY 



Topic 


Responses* 


Number of 


Possible 


Actual 


Percent 


from 


A S D 


Checks 


Score 


Score 


ValTie 


Table 40 


(1) (2) (3) 











A 


51 


86 


57 


m 


582 


382 


66 


B 


91 


76 


18 


185 


555 


443 


80 


C 


87 


79 


23 


181 


543 


422 


78 


D 


104 


71 


18 


193 


579 


472 


82 


E 


117 


54 


15 


186 


553 


474 


85 



^Column "5>" Table 40. 



The implication of a need for course improvement was generally ac- 
cepted by all respondents in the survey as evidenced by the data in the 
"per cent value" column in Table 42 which shows an approval ranging from 
66 to 85 per cent. The data in Table 42, including the additional infor- 
mation in Table 41, gave sufficient evidence to justify a revolution in 
attitudes and methods of teaching freshman chemistry (topic "D") and in 
the methods of educating college teachers of chemistry even to the point 
of retraining those people presently engaged in teaching first-year col- 
lege chemistry (topic "C"). The implication of the need to teach chem- 
istry as a process is very strong as indicated in Table 42 (topic "E") 
by an 85 per cent value. Noteworthy comments idiich suggested methods 
to help increase student interest were offered by two university profes- 
sors. One professor suggested the need for methods to achieve teacher- 
student interaction and the other asked for the development of teaching 
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i I TABIE 42-A. T-TEST OF SIGHIFICANCE 

»• y 





J. C. 


L. A. 


Iftiiv. 


Dniv. 


lAiiv, 


L. A. 


Topic 


vs. 


vs. 


vs. 


vs. 


vs. 


vs. 




Spec. 


Spec. 


Spec, 


J. C. 


L. A. 


J. c. 


Degrees of Freedom 


51 


87 


92 


121 


157 


116 


Ideas for Improvement 






t-test 






(See Tables 41 and 42) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


A 


1.411 


0.676 


1.135 


0,140 


0.969 


1.018 


B 


0.461 


0.122 


0.752 


0.981 


1.293 


0.960 


C 


0.124 


1.348 


1.805 


2.918* 


1.402 


1.976* 


D 


0.421 


0.020 


0.598 


0.306 


1.204 


0.715 


£ 


1.012 


0.434 


0.573 


0.657 


0.346 


1.003 



^Significant at the five percent level of confidence. 



procedures to meet student needs and interests. One professor advocated 
the adoption of the Hamond Curriculum. Still another professor remarked, 
’’The most difficult *nut* to crack is the professor *s notion that idiat 
he learned and taught for many years should still be the core of his teach- 
ing." 

In general, all four classifications of colleges were in mutual 
agreement regarding the statements relating to course improvement. The 
t-test scores of 2.91S and 1.976 in Table 42-A, statement "C," columns 
"4” and "6," however, show a significant difference in favor of the 
junior colleges when compared ivith the universities and liberal arts 
colleges at the five per cent level of confidence with respect to the 
urgent need for retraining of the current professors of freshman chemis- 
try. This means that a higher per cent of junior college professors 




o 

ERIC 



are in favor of the retraining of their colleagues than are university 
and liberal arts professors. In regard to other suggestions, the four 
classifications v/ere in mutual agreonent. 



CHAPTER VIII 



COURSE CO!ITENT TOPICS, RECITATION TOPICS 
AND LABORATORY EXPERIMENTS 

The cooperating institutions were asked to supply the investigator 
with syllabi or course outlines for their introductory college chemistry 
courses# The responses for a description of lecture topics was less 
than eight per cent; 15 syllabi were received# 

Each lecture topic on each syllabi (or course outline) was inter- 
preted and identified with a specific topic or subtopic# These data are 
summarized in Table 43* As the classification of topics developed during 
the evaluation of the syllabi and course outlines, the investigator made 
the decision to divide the major subject matter topics into nine major 
areas, each of which is further subdivided as indicated in Table 43* 

To assist in the interpretation of the data presented in Table 43 > 
these comments are made: whenever a topic could be classified under 

more than one heading, it was classified under the most specific heading. 
Arbitrarily, each successive heading in Table 43 is presumed to be, by 
its relative position, more specific than the preceding heading# Thus, 
for example, a topic dealing ivith the Nucleus and Radioactivity was 
placed xmder, "Atomic Structure," rather than under, "Nuclear Chemistry," 
or "Nuclear Stinicture#" Further, a topic dealing with Balancing Oxida- 
tion and Reduction Equations was classified imder "Oxidation-Reduction 
Reaction" rather than the topic, "Stoichiometry#" 

Ambiquities in Table 43 > where foreseen, were classified by notes. 
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TABLE 43. (Continued) 




TABLE 43* (Continued) 
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Thus, for example, the note in Table 43 (Note ”q'*) which refers to 
electro-chemical cells indicates that electrochemistry is so classified 
under "Oxidation-Reduction Reactions" vdiile other chemical reactions are 
classified under the major topic "Chemical Reactivity," or its subtopic, 
"Thermodynamics." Hence, the study of atomic weight calculations would 
not be classified under "Atomic Structure," but lander "Stoichiometry." 

The college and classification type, in all 15 cases, were indicated 
by each respondent: six institutions were from the university category; 

five from the liberal arts; three from junior college, and one from spe- 
cialized institutions. Hence with respect to the classification distri- 
bution of the 15 institutions of higher learning responding, the sample 
is weighted slightly in favor of universities (40 per cent). One-third 
of the replies were from liberal arts colleges, one- fifth from junior 
colleges and one reply from a specialized institution. 

The data presented in Table 43 were obtained from course outlines 
and syllabi; hence some topics were eclipsed and do not appear explicitly 
in the tabulations. The numbers in the table are the counted numbers of 
topics found for each major topic listed. Qualitatively, then they sug- 
gest relative emphases. Course outlines from two of the responding 
institutions emphasized one or more closely defined areas such as thermo- 
dynamics (12 and 20 lectures). Quantum Theory (15 lectures), or Chemical 
Bonding (15 lectures). The syllabi and course outlines differed so 
greatly that the investigator was unable to devise a satisfactory method 
to compare the sequence order in which the topics were presented; for 
example. Nuclear Chemistry is taught all across the spectrum of the aca- 
demic year. A summary of the lecture topics tabulated from the 15 course 



syllabi is presented in Table 43* 

M^y professors attached notes to the questionnaire explaining 
that they did not have time to prepare a syllabus or stated that the 
syllabus of the course v^as changing so rapidly that it v/ould not be 
representative of the course currently offered, 

2CX) 

In addition to the description of lecture topics, eight of the 
15 responding institutions included outline descriptions of their reci- 
tation sessions (problem sessions, problem discussions, pre-laboratory 
quizzes, homework, examinations, and reviews); only six of these 
respondents discussed their laboratory activities. The data idiich des- 
cribe the topics covered In these recitation sessions are presented in 
Table 44* These eight syllabi reveal that some colleges and universities 
are, in addition to lecture and laboratory, devoting from one to two 
hours per week to recitation sessions. Major topic Number "5" (Stoichio- 
metry) in Table 43 and the Topic Titles listed in Table 44 suggest that 
college chemistry professors are placing an important emphasis upon 
stoichiometry, either in recitation sessions or lecture sections; the 
sample is weighted slightly in favor of recitation sessions since eight 
of the 15 responding institutions have regularly scheduled problem ses- 
sions, Two of these eight institutions scheduled two-hour periods for 
problem sessions and quizzes while the remaining six alloted a period of 

^^^Of the eight responding institutions, two included the recitation 
sessions as an integral part of the lecture phase of the course; the re- 
maining six included the recitation sessions as a part of the laboratory 
activity, either pre-laboratory or post-laboratory, 

201 

One institution listed the Laboratory Manual Title but failed to 
list the experiments performed; another institution listed the page num- 
bers to their ovm departmental laboratory manual but failed to send a 
description or titles of the experiments used. 



one hour. The schedules for lectures and recitations was listed as 
follows: Three institutions used the two one-hour lecture and one one- 

hour recitation schedule; two institutions used a three one-hour lecture 
and one two-hour recitation schedule, vdiile the remaining three institu- 
tions used the three one-hour lecture and the one one-hour recitation 
period schedule. The data collected from the 15 syllabi in Table 43 are 
insufficient to determine a trend since they represent less than a ten 
per cent response; however, the variation and differences in the previous- 
ly discussed syllabi lead the investigator to suggest that another study 
is needed to determine the nature of and the extent of usage of recita- 
tion sessions. That 86 per cent of the responding institutions offer 
problem assignments (See Table 35 > P« 181), mthout any further descrip- 
tion or additional comments, reveal further support for the need to study 
recitation sessions on a nation-wide basis. How much time is devoted to 
problem sessions? The investigator suggests that the Advisory Council 

I 

on College Chemistry, the American Chemical Society, or some other pro- 
fessional organization and/or committee request and examine problem ses- 
sion outlines and schedules from a large number of colleges and universi- 
ties. 

The listing of textbook titles, laboratory manual titles, and sup- 
plementary book titles was the exception rather than the rule. 3h addi- 
tion to the 15 professors vdio sent course syllabi, only three other 
professors listed lecture textbook titles; a total of 18 textbooks and 
14 different titles. Ten professors (six of these sent syUabi or out- 
lines) listed the laboratory manual titles (three departments had written 
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202 

their ov/n laboratory texts) and eight professors listed supplementary 
reading materials (books ^ paperbacks, and departmental supplements). 

(Two respondents indicated that their respective departments had written 
their own course supplements or specific articles which were specifically 
designed for student assistance). A list of the textbooks, supplementary 
readings, and laboratory manuals used by the responding institutions is 
tabulated in Table 45 for reader interest and not for statistical justi- 
fication. (Hie percentage use of the textbooks is not listed since less 

than 10 per cent of the professors mentioned the titles of the lecture 

% 

textbooks and less than four per cent mentioned the names of the labora- 
tory manuals). The data in Table 45 reveal the following use of lecture 
and laboratory reading materials: 18 textbooks (14 different titles) 

from 18 institutions; 24 supplementary books from eight institutions; 
and 11 laboratory manuals (three were staff prepared) from 10 institu- 
tions (only six of these sent syllabi vrtiich described their laboratory 
procedure and activities). 

The reader is referred to an article entitled "Chemical Publishers 
Push Teaching Aids" (See Appendix "F") for a brief review of a few of the 
best-selling general chemistry textbooks and a discussion of the systems 
or "package" approach to teaching freshman chemistry. 

Only six of the 15 responding institutions included an outline of 
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Additional comments to the questionnaire indicated that one 
department used a laboratory manual published by a commercial publisher; 
another stated that their department was encouraged to pursue ACo experi- 
ments; and another remarked, "Our course is an 'introduction to Scientific 
Laboratory* in which the students learn to make precise measurements with 
first class equipment, the specific skills learned are considered secon- 
dary," and a foiirth professor mentioned that the laboratory manual was 
supplemented. 
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TABLE 45. TEXTBOOKS, SUPPLEMENTARY TEXTBOOKS, AND LABORATORY MANUALS. 



Author 



Title Publisher and Date 



Main Textbooks 



Audrey Companion 

Harry B. Gray and 
G. P. Haight, Jr. 

Donald C. Gregg 

Morris Hein 

J. H. Hildebrand and 
R. E. Powell 

G. Brooks King and 
W. E. Caldwell 

Bruce Mahan 

Bruce Mahan 

W. L. Masterson and 
E. J. Slovdnski 

William H. Nebergall, 
et al. 

Rodney L. Olsen 

S. Young Tyree and 
Kerro Knox 

J. Nelson Shaw 

M. J. Sienlco and 
R. A. Plane 



Chemical Bonding 

Basic Principles of 
Chemistry 

Principles of Chem~ 
istry 

Foimdation of College 
Chemistry 

Principles of Chem- 
istry 

CoLlege Chemistry 



McGraw Hill, 1964 
W. A. Benjamin Co. 

AUyn and Bacon, 2nd ed. , 
1963 

Dickinson Publishing Co., 
Inc., 1st ed., 196? 
Macmillan Co., 1964 

American Book Company 



College Chemistry Addison-Wesley Publishing 

Company 

University Chemistry Addison-Wesley Publishing 

Co., 1st ed., 1965 
Chemical Principles W. B. Saunders, 1966 



General Chemistry 

Inorganic Nomenclature 

Textbook of Inorganic 
Chemistry 
College Chemistry 

Chemistiy 



D. C. Heath and Company, 
1963 

Burgess Publishing Company, 
1st ed., 1967 
Macmillan Company, 1961 

Charles E. Merrill Books, 
Ihc., 1966 

McGraw Hill Book Co., 

3rd ed., 1966 



Supplements 



W. E. Addison 

Allen J. Bard 
Gordon Barrow 

Goixion Barrow, et al. 

Robert Bauman 

Bradner and Susskind 



Structural Principles 
of Inorganic Com- 
pounds 

Chemical Eguilibrixim 

Structui^e of M olecules 

Understanding Ch^n- 
istry 

Introduction ^ Eqin.- 
librium Thermo- 
d ynamics 

Atoms and Energy 



Wiley, 1961 



Harper and Row, 1966 
W. A. Benjamin Publishing 
Company 

Volimies I-V, W. A. Benja- 
min, Inc., 1967 
Prentice-Hall, Inc. 



Litton Instructional 
Materials, 1966 
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TASK 45. (Continued) 



Author Title Publisher and Date 



O 



Bradner and Susskind 

Herman T, Briscoe 
James N, Butler 

Gregory Ghoppin 

C. E. DuUj et ale 
Harry B, Gray 

Robin M. Hochstrasser 

Edward L. King 

Je J. Lagowski 
Charles E. Mortimer 

W. Ce Pierce, E. L. 
Haenisch, and D. T, 
SaT-jyer 

Beckman Schaum and 
Joel L. Rosenberg 

Glerji T. Seaborg 

D. Ke Sebera 
Michell Je Sienko 



Staff Prepared (5) 
Jurg Waser 
Jay A. Young 



The Electromagnetic 
Spectrum 

College Chemistry 
pH and Solubility 
Calciilation 
Nuclei and Radios 
activity 
Modem Chemistry 

Electrons and Chemi- 
cal Bonding 
Behavior of Electrons 
in Atoms 

Hot 7 Chemical Reactions 
Occur 

The Structure of Atoms 
Chemistry- A Conceptual 
Approach 

Quantitative Analysis 



Litton Instructional 
14aterials, 1966 
Houghton, 1951 
Addison Wesley, 1964 

We Ae Benjamin, Ihce, 1964 

Holt, Rinehart and Winston, 
1962 

We Ae Benjamin, Ince, 
paperback ede, 1964 
We A. Benjamin, Ince, 
paperback ede, 1964 
We Ae Benjamin, 1963 

Houghton Mifflin, 1964 
Reinhold Publishing COe, 
1967 

John V/iley and Sons, 195S 



Theory and Problems 
of CoLlege Chem- 
istry 

Man-Made Transuranium 
Elements 

Electronic Structure 
and Chemical Bonding 
Equilibrium ; Freshman 
Chemistry Problems 
and Hoy/ to Solve Them 
Chemistry Supplements 
and Problem Books 
Basic Chemical 
Theimodynamics 
General Chemistry 



Schavott Publishing Co., 195S 

Prentice-Hall, Ihc., 1963 
Blaids ell , 1964 
W. A. Benjamin, 1964 

W. A. Benjamin, 1966 
Prentice-Hall, 1963 



Laboratory Manuals 




W. M. Latimer and A Laboratory Course In Mcmillan, 1964 
R. E. Powell General Chemistry 

Lawrence E. Conroy General Chemistiy Macmillan, 1965 

and R. S. Tobias Laboratory Operations 

Harper W. Frantz ' Laboratory Study of VL H. Freeman and Co., 

■ Chemical Principles Second ed., 1956 
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TABLE 45- (Continued) 



Author 


Title 


Publisher and Date 


Lloyd E. Malm and 


College Chemistry in 


W. H. Freeman and Co., 


Harper W. Frantz 


the Laboratory 


#1 (1950) and #2 (1954) 


Martin V. McGill and 


Chemistry Guide and 


Lyons and Carnahan, 1964 


G. M. Bradbury 


Laboratory Activities 




W. C. Pierce, E. L. 


Quantitative Analysis 


John Wiley and Sons, 


Haenisch, and D. T. 




4th ed., 1953 


Savjyer 
C. H. Sorum 


Introduction to Semi- 


Prentice-Hall, 4th ed.. 




micro Qualitative 


1967 


Staff prepared 


Analysis 

Laboratory Experiments 




Staff prepared 


for Chemistry 
Laboratory Itoual 




Staff prepared 


Laboratory l-Ianual for 




George W. V7att, 


Chemistry 
Chemistry in the 


¥. W. Norton and Co., Inc 


et al. 


Laboratory 


1964 




their laboratory offerings and these syllabi gave a variety of laboratory 
experiences as evidenced by the data in Table 46. These data reveal that 
each of the six responding colleges is teaching its owi individual labor- 
atory course. The differences in choices of laboratory experiments and 
the schedule sequence in n/hich they occur indicates variety. Since the 
response to the survey is so low vdth respect to the description of lab- 
oratory activities, the investigator believes that a study of laboratory 
experiments at the introductory level is needed since laboratory experi- 
ments should be an integral part of the first-year college chemistry 

203 

course. The return of only six syllabi from a total of 212 responding 
institutions is insignificant. The investigator believes, however, that 
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These data in Table 45 reflect the titles of laboratory texts 
I j from ten colleges, but only six syllabi vrere used, since the other four 

colleges listed titles of the laboratory manuals, but did not send 

description of activities. 



TABLE 46. LABORATORY EXPERH«TS IN EM TRODUCTORY COLLEGE CHEMISTRY 



lab Periods in 
Weeks Devoted 
to Ejqperiment 



1. Analytical Balance. 1 

2. Slide Rule Instruction. 1 

3. Introductory Laboratory Technique. 1 

1 4. Weights and measurement plus unknovm. 1 

5. Bunsen Burner, metric system. 1 

6. Laboratory techniques, metric system, and 

indirect measurement. 1 



1. Laboratory bumer, glassvrorking, determination 

of a chemical formula. 1 

2. Physical properties of substances and the 

analytical balance. 1 

3* Glassworking. 1 

2 4# Separation an.d determination of the components 

of a mixture. ^ 1 

5. Density, physical and chemical properties. 1 

6. Separating mixtures, breaking up compounds, 
physical and chemical change. Law of Conservation 

of Energy, and change in heated metals. 1 



1. Law of DuLong and Petit. 1 

2. Chemical properties of substances and \mknown 

weights. 1 

3 3* Percent composition. 1 

4. Observing reactions and breaking up compounds. 1 

5. Starting growth of crystals. 1 

6. Analysis of an iron solution. 1 



1. Chemical and physical changes. 1 

2. Molal volume of a gas. 1 

4 3. Molal volume of nitrogen. 2 

4. Growth of an alum crystal. 1 

5# Preparation and properties of oxygen. 1 

6. Identification of salts by use of reaction rules. 1 



1. Law of multiple proportions. 1 

2. Molecular weight by vapor density. 2 

3. Molecular weight of a gas. 1 

4. Preparation and study of oxygen, oxygen generation 

and composition of air. 1 



5 
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^ TABLE 46. (Contirmecl) 



Assignment Title of Expex'iments 



Lab Periods in 
Vfeeks Devoted 
to Experiment 



5. Charles* Law and Option. 1 

6. Chemical reaction and chemical equation. 1 



1. Calculations involving redox reactions. 1 

2. Reduction of oxides. 1 

3. The equivalent weight of a metal. 1 

6 4. Preparation and properties of hydrogen and 

reaction rates. 1 

5. Acid, Base, or Salt? 1 

6. Diffusion of gases. 1 



1. Boyle *s Law and Graham's law of Diffusion. 1 

2. Makeup labs and help sessions. 1 

7 3* Dhknovm equivalent weight. 1 

4. Relative activities of some of the metals. 1 

5. Common chemical reactions. 1 

6. Hydrogen and its properties. 1 



8 



1. Molecular v/eight of carbon dioxide. 1 

2. Atomic weight, specific heat, and equivalent weight. 1 

3. The packing of atoms and ions in a crystal. 1 

4. VJater of hydrat5.on of BaCl2> including option or 

xmknown. 1 

5. Common chemical reactions. 1 

6. The formula of tin oxide. 1 



1. Vapor pressure of a liquid. 1 

2. Freezing point of a solution. 3 

9 3* Ionic and covalent compounds. 1 

4. A study of hydrates, percent water of hydration. 1 

5. Solubility curve of NaCe. 1 



6. Anhydrides, acid and base, supersaturated solutions. 1 



1. Molecular weight from freezing point depression. 1 

2. Pure substances and mixtures, melting points. 1 

3. Preparation of pure substances. 3 

10 4. Strong acid-base titration. 1 

5. Titration of vinegar (unknown). 1 

6. Determination of v;eight of hydrogen and equivalent 

weight of magnesium. 1 



o 
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TABLE 46. (Continued) 



Assignment Title of Experiments 



Lab Periods in 
Weeks Devoted 
to Experiment 




1. Group I - knovm and unloiovm. 1 

2. Radioactivity. 1 

3. Determination of the forms of a compound. 1 

11 4* Getting substances to dissolve, acid and bases, 

conductivity of solutions and completion reactions. 1 
5. The effect of temperature changes on the volme 

of a gas at STP. 1 



1. Titration of vinegar, hydrolysis, electrolytes. 1 

2. Preliminary qualitative analysis and unknown. 2 

12 3* Flame tes's and Group IV. 1 

4. Titration. 2 

5. Chemistry of compoimds of nitrogen. 1 

6. Titration experiment. 1 



1. Titration of acids and bases. 1 

2. Organic models. 1 

3. Test for halides, study properties of iodine 

13 and chlorine. 1 

4. Anions - preparation. 1 

5. The Seven-Bottle Experiment- J. Chem. Educ. 1 

6. Group II Anions. 2 



1. Qualitative analysis "knovm." 1 

2. Properties of sulfuric acid. 1 

14 3* Preparation of a salt. 1 

4* Organic chemistry. 1 

5. Group I Anions. 2 

6. Group II Anions. 1 



1. Qualitative analysis "unknowns." 1 

2. Flame tests. 1 

15 3* Chemical equilibrium and reaction rates. 1 

4. Building struct\iral models of organic compounds. 1 

5. General anion unknown. 1 

6. Oxidation and reduction. 1 
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TABLE 46* (Continued) 



Lab Periods in 

Assignment Title of Experiments Weeks Devoted 

to Experiment 



l6 1. Unkno^«is equivalent weight of a solid acid. 1 

2. Semimicro qualitative analysis. 15 weeks 



17 1. Oxidation and reduction. 2 weeks 

2. Solubility and rate of solution. 2 



18 1. Titration involving oxidizing and reducing agents. 2 

2. Solubility of NaCe in water. 1 



1. Production of an electric current by means of 

19 oxidation-reduction reaction. 1 

2. The preparation and coagulation of colloids. 1 



20 1. pH meter and indicator. 1 

2. The organic acid content of commercial vinegar. 1 



21 1. Unknown — pH meter and indicator. 1 

2. The ammonia content of "Household Ammonia." 1 



22 1. Reversible reactions, and equilibrium. 2 

2. Chemical analysis. 1 



23 1. Ionization constant of a weak acid. 1 

2. Paper chromatographic analysis. 1 



24 1. Equilibria - Ions of water, pH, hydrolysis. 1 

2. The qualitative analysis of baking powder. 1 



25 1. Solubility product of a slightly soluble salt. 1 

2. Alcohol, fermentation. 1 



26 1. Some elementary experiments in organic chenistry. 1 

2. Removal of stains from fabrics. 1 
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these fevT practices to be varied enough to justify the statement for the 
need of a study of laboratory practices. 

Joiupnal of Chemical Education (September issue each year) and 

ni.. • *% 20/j. 

Chemical and Engineering Ne;^ reveal that scores of introductory 
college chemistry textbooks of varying difficulty have been recently 
written or revised. 

205 

The investigator *s review of these aforementioned books shows 
topics to be presented at different levels of difficulty and in random 
sequence of arrangements. A logical sequence of topics is apparently 
difficult to ascertain^ and the amount of time devoted to a given topic 
is probably related to the textbook author's specific interest or to 
the instructor's personal interest. To teach all the facts of chemistry 
is an impossibility; however, a careful selection of topics with a con- 
cept\ial scheme illustrating the processes of chemistry could possibly 
add structure to first-year college chemistry. 



"Chemical Publishers Push Teaching Aids," Chemical and 
.^gineering News , /t 6 , August 19, 1968, pp. 32-35. 

205 

B, C. Dodson and George Castleberry, "A Comparison of the Cne- 
Year High School and the Freshman College General Chemistry Textbooks," 

An unpublished survey performed under the direction of Dr, John W. Renner, 
University of Oklahoma, Norman, I 966 . 
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CHAPTER 3DC 

SUMMARY AND GENERAL FINDINGS 

The problem is restated here in the form of a question which is 
answered by the presentation of a summary of the data assembled from the 
different parts of the completed questionnaires received from the accred- 
ited colleges and universities teaching introductory college chemistry: 
What are the present objectives, teaching methods, and materials used in 
teaching the introductory course in college chemistry in selected accred- 
ited colleges and universities in the continental lAiited States? 

A survey of the data in the previous chapters reveals the follovring 
facts : 

(1) The general objectives and aims of the introductory college 

chemistry course are: (a) to develop the ability to do critical think- 

ing, (b) to make the students familiar with the facts, principles, and 
concepts of chemistry, (c) to help the student understand the nature of 
matter and its transformation, (d) to develop the ability to handle 
quantitative problems, (e) to develop intellectual honesty rather than 
foster the search for the- "right” answer, and (f) to teach st\idents to 
be precise in observation and expression. (Chapter V). 

( 2 ) A great variation in the titles as well as in the description 
of the introductoiy college chemistry course is evident^ however, the 
term "General Chemistry" still prevails as the choice course name. (Chap- 
ter IV ). 



o 

ERIC 



236 



237 



(3) This is a diversity evident by the listings of 35 course pre- 
requisites idLth 39 percent of the courses offered requiring no prerequi- 
site, (chapter IV). 

(4) The course credits range from 2 to 12 semester hours per year. 

The mean semester hour average for imiversities is 13*65 for liberal arts 
colleges is 10.2; for junior colleges is 11.2; and for specialized insti- 
tutions is 12,0. The average number of courses offered per institution 
is 1.6 and the average number of semester hours credited alloted per col- 
lege per year is 11. 9> while the average number of semester, hours assigned 
per course in all institutions surveyed is 7*3* (Chapter IV ). 

.. (5) The average number of college professors per university is less 
than six; less than three per liberal arts college and junior colleges; 
and four for each specialized institution. The fact that 89 percent of 
the universities, 76 percent of liberal arts colleges, 18 percent of 
junior colleges and 52 percent of specialized institution professors 
have earned Ph.D. degrees in chemistry is encouraging, but all classifi- 
cations of institutions are in need of more professors with earned doc- 
torates. This is especially at the junior college level. (Chapter IV ). 

(6) College professors need more student assistants as evidenced by 

< 

an approximate average of 15, 5> 3> and 5 student assistants per college 
for universities, liberal arts colleges, junior colleges, and specialized 
institutions, respectively. The quality of help is probably less than 
desired since 31 percent of the student assistants have no college degree, 
and 49 percent have only earned a BS degree. (Chapter TV). 

(7) The general practice of college professors during the past two 
years is to change the textbook and laboratory exercises, but to adhere 



to the same course outline, as shovm by an 82 perQent positive indication 
of change. (Chapter V). 

(8) Fifty-nine percent of the 212 Institutions pay no attention to 
the chemistry background of the student, and the practice is to place all 
students in the same first-year college chemistry course. (Chapter IV). 

(9) The consensus of a majority of the professors is that a course 
be offered in chemical properties with descriptive parts of the course 
used both to illustrate principles and to show how principles are derived. 
(Chapter IV). 

(10) 8y a 56 percent approval college professors indicated a possible 
acceptance of the use of a combination of staff prepared and commercially 
prepared laboratory manual and textbook material. (Chapter V). 

(11) The data show that college professors are not utilizing the 
modem teaching aids as suggested by the Advisory Council on College 
Chemistry. (Chapter V). 

(12) The teaching primary method favored, other than lecture, is 
regular problem assignments. (Chapter V). 

(13) Ikiiversity teachers make more use of conference quizzes, and 
the junior colleges offer more self-assistance to students than do other 
categories of institutions. (Chapter V). 

(14) There is a low percent use of equipment other than the single 
pan balance, the spectrophotometer, and the pH meter. These findings 
contradict the recommendations of AC^. (Chapter V). 

(15) All institutions rejected the practice of stating objectives 
and the ensuing preparation of tests or other means of evaluating whether 
these objectives had been achieved, as revealed by a 42 percent and a 



19 percent reply. (Chapter V). 

(16) The more popular methods used to evaluate the success of the 
Introductory college chemistry course are subjective observations, spe- 
cial examinations, and discussion involving the entire chemistry faculty. 
(Chapter V). 

(17) Although textbook changes were frequently made (see number "7”)> 
the previously stated course objectives have been changed very little, as 
shown by a 64 percent negative reply to a statement requesting an indi- 
cation of a substantial change in course objectives when a new course 
replaced an older course. (Chapter V). 

(18) Some colleges and universities are providing a variety of 
methods to challenge superior or talented students. These methods include 
(1) honors courses, (2) independent study, (3) advanced placement, (4) 
conference study, and (5) testing out. (Chapter V). 

(19) The professors listed 26 various reasons for changing the in- 
troductory college chemistry course. The foremost change factors are: 

(a) theories of chemistry are constantly changing, (b) more equipment 
and more modem equipment are available for laboratory and instructional 
use, (c) advent of general chemistry textbooks with a change in emphasis, 
and (d) the large number of students beginning the study of first-year 
college chemistry who are better prepared in terms of high school chem- 
istry and mathematics. (Chapter VII). 

(20) The data from teacher reactions to factors that college profes- 
sors believe to reduce student interest in freshman chemistry indicate 
the need for chemistry educators to take a look at their pedagogical 
practices and develop some methods and techniques to increase student 
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interest in topics. College pi»ofessors believe the major reason for 
reduction of student interest is that topics are unrelated to student 
interest. (Chapter VII). 

(21) The data and additional information related to factors that 
college professors believe to reduce student interest and teacher reac- 
tions to a pre-selected list of suggestions vdth respect to develop im- 
proved teaching gave sufficient evidence to justify a revolution in 
attitudes and methods of teaching and in the methods of educating college 
teachers of chemistry even to the point of retraining those people already 
engaged in the teaching of first-year college chemistry. The implication 
is very strong that there is a need to teach introductory college chemis- 
try as a process is indicated by an 85 percent approval of a^l professors 
in Table 42. (Chapter VIl). 

(22) College cheiiistry professors have either rejected and/or do not 
have time to prepare a course outline or syllabus. Chemistry professors, 
in general, do not state cotirse objectives and the most typical course 
evaluation is a subjective evaluation. (Chapter V). 

The 60 percent response to the survey constitutes a rather full and 
complete analysis of the teaching practices in introductory college chem- 
istry. 
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CONCLUSIONS AND RECOMI«DATIONS 



Conclusions 

The following profile is constructed from the survey data to reflect 
the diversity in regard to the manner in which first-year college chemis- 
try is being taught: (l) Numerous changes have taken place in freshman 

chemistry as evidenced by the variety of titles used to describe the 
courses offered; (2) The course prerequisites vary v/idely as to nature 
and difficulty within and between institutions; (3) College professors 
accepted, as evidenced by an affirmative reply of 93 per cent, the gen- 
eral objective of first-year college chemistry to be the development of 
the abilxty to do critical thinking* But only 41 per cent agree that 
the course should be taught from textbooks of varying difficulty and 
utilizing the inquiry approach; ( 4 ) A variety of responses resulted from 
the request for an opinion as to what the first college course in chem- 
istry should be; the majority opinion indicating a greater emphasis be 
devoted to descriptive topics; ( 5 ) There are no standard methods of 
handling experimental data as evidenced by a listing of nine methods 
for collecting data and 29 methods used to record data; (6) College pro- 
fessors are not utilizing the modem teaching aids suggested by AC^; (7) 
The evidence suggests that a change is needed in teacher attitudes and 
methods as v;ell as a change in the method of educating chemistry teachers; 
(8) A majority of the institutions (59 per cent) retain the practice of 
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( ) placing all students in the same course with little indication of an 

evaluation of a student's academic preparation. (See pp. 82, 95 , 168 
and 111 , 116 , pp. 135 and 139, p. 180, p. 211 , and pp. 105 - 106 ). 

Recommendation 

The investigator is of the opinion that some of the controversy in 
introductory college chemistry could possibly be resolved by some national 
organization sponsoring a curriculum study and writing conference similar 
to the Biological Science Study Committee (BSCS). The surve findings, 

AC 3 publications, the Systems approach, and the Hammond Curriculum might 
sei*ve as a guideline to the synthesis of some new chemistry innovations 
in first-year college chemistry . The investigator suggests a minimum of 
three courses of varying difficulty and goals— one for the general edu- 
cation major, one for the physical science major, and one for the bio- 
logical science majors still another coixld be designed for the talented 
student, (^fiiere is some doubt that three courses could fit the diverse 
needs of the different institutions but three such courses should offer 
a justly improved point of departure from those presently available, 

Another problem would be found in selecting an approach to teaching the 
course v/hich would satisf^r a large manber of professors). Specific at- 
tention should be directed to learning of chemistry concepts and the 
developnent of a sequential arrangement of topics based upon a conceptual 
framework. The selection of course topics and the sequential arrangement 
of topics in a logical manner merits the assistance of educators who know 
about learning and concept development. Behavioral objectives must be 
stated and teaching methodology to stimulate student interest must be an 

\ 

I- K) 

integral part of each course. A writing conference could utilize the 
experiences and capabilities of the numerous and experienced and success- 

I 

o 
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ful teachers and authors of first-year college chemistry teacbbooks and 
laboratory experiments. Trial centers should be set up so that each 
separate course v/ould be tested by college and university chemistry pro- 
fessors, Methods to evaluate student progress and also the success of a 
given course must be designed, tested, and retested. The investigator 
believes that these courses (when designed, developed, and tested) will 
challenge the varying abilities of a disparate student population and 
will be commensurate with an individual student *s academic preparation 
and would correlate with his vocational plans. Special interest topics 
cotild be written to supplement these courses and challenge students. 

Suggested Research 

The present survey does not give enough data on course outlines and 
syllabi, and laboratory experiments, including pre-laboratory sessions, 
to discern a trendj however, the data from Chapter VIII suggest that ad- 
ditional research is needed to describe the lecture and laboratory prac- 
tices in general chemistry. The data also reflect the need of a study 
to determine the nature of the one-or-two hour sessions idiich are being 
devoted to problem sessions and/or problem discussions. How much time 
is devoted to problem sessions and what is the nature of these problem 
assignments? . 

A study is needed to determine how the teachers of first-year col- 
lege chemistry are being educated with an ensuing objective of formulating 
guide lines for the proper education of future chemistry teachers. How 
much does a chemistry teacher know about learning and concept development? 
The survey findings on student and course evaluation, in the opinion of 
the investigator, are incomplete j another study on evaluation is needed. 
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STATISTICAL CALCUIATIONS 



The folloi^g fonaulas vrere adopted from William G, Cochran, Sampling 
Technique , New York: John Wiley and Son3, Ihc., 1953> pages 74> 32, 88, 

and 89* 

Theorem : In stratified random sampling, the variance of the esti- 
mated mean yst is smallest, for a fixed total size of sample, if the 
sample is allocated with njj proportional to N^Sh* 

Proof : The problem is to minimize 



Differentiating with respect to nh> the following equation is obtained 




subject to the restriction 



n;L + »2 



The njj and the Lagrange multiplier /I are selected so as to minimize 





( 1 ) 



This gives 



“h “ ”hSh or % OC KhSh 



( 2 ) 
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To find the actual value of add (l) over the strata. Thus 






3A 

n4 



( 3 ) 



Substitution for into (2) gives 



njj = n KhSh 

Z %Sh 



(4) 



This restilt states that the sample size in a stratvim should be 

% 

proportional to the product of the size of the stratum and the standard 
deviation of the stratum, or, in other i^ords, that the sampling fraction 
nh/% should be proportional to the standard deviation. Other things 
being equal, a larger sample is needed in a variable stratum. 

An expression for the minimum variance is obtained by substituting 
the values of nj^ given by (4) into the general formula for V(yg^). This 
gives 

V min (1st) = 1 ( Z NhSh)^ - _1_ Z % (5) 

n k2 



If V is the desired variance for the estimated population total , 
the principal foimula becomes as follows: 

Presumed optimum (for fixed n): 



n 






V + Z NjjSji 



IlSkl 



( 6 ) 
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MAGNOLIA, ARKANSAS 
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Dear Ck>lleague: 

You are invited to assist in a survey of the objectives, teaching methods, 
and materials used in the teaching of the introductory course in college chem~ 
istry. This research is supported by the United States Department of Health, 
Education, and Welfare, proposal number 7G018. 

The purpose of the survey is to determine using a wide scale sample 
what objectives, teaching methods, and materials are used in the introductory 
chemistry course in accredited colleges and universities. This questionnaire 
calls for facts concerning the teaching of introductory college chemistry in your 
institution. Completion of this questionnaire may appear to be quite a task, but 
for the most part it is a check list. This questionnaire also refers to courses 
which ^ive credit under the title. ” Chemistry. " The questionnaire is not parti- 
cularly concerned with those courses designed for non-science majors or for 
physical science credit and the like that do not meet prerequisite requirements 
for further courses in your curriculum. If you do not teach in the introductory 
college chemistry course, will you kindly pass this questionnaire to ihe person 
who does. 

You are no doubt interested in learning what is being tau^t in the intro- 
ductory college chemistry courses. A copy of the abstract of the stu(fy will be 
sent to you for your most gracious assistance. 

A stamped, self-addressed envelope is enclosed for your convenience. 
Please return the questionnaire as soon as possible. Thank you for your coopera- 
tion in this matter. 



BCD/bp 

EncL 



Cordially yours, 

3 

B. C. Dodson 

Head of Chemistry Department 
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QUESTIONNAIRE 
PART I 

INFORMATION ON INTRODUCTORY COLLEGE CHEMISTRY COURSES 

« 

1. Please list the titles of the introductory college chemistry courses offered under the title 
"Chemistry” in your institution or attach pages from the college catalog listing these. 
(Omit non-science chemistry courses or pre-nursing courses and the like that do not meet 
prerequisite requirements for further coures in your chemistry curriculum. ) 



Course 

Number 



Course 

Title 



Course 
Enrollment 
Per Year 



Pre-requisite(s) 



Credit 

(Semester Hrs.) 



Approximately what percent of the students in these courses have had some previous 
chemistry? (Please give approximate percentages, not numbers.) 



have had no chemistry 



have had Chems or CBA 



have had a traditional high school 
chemistry course 



3* Approximately v^hat percent of the students in these courses eventually major in 
chemistry? (Please give percent, not numbers.) 



4, Faculty Personnel: 



Name of Professor in charge 
of introductory college 
chemistry: 



Field, of Highest Degree 
(Chem. . Educ. , etc. ) 



Number of other professors that 
teach lecture or laboratory sections 
of introductory chem. : (Place 
number in bracket with each degree. ) 



Highest Degree 
B.S. M. S. Ph.D. 



()()() 



( ) ( ) ( ) 



( I 



Number of student assistants: 



Highest Degrees 



of these student assistants: (Place number in bracket with 
each degree.) 

Responsibility: ( ) lecture ( ) laboratory ( ) other (specify) 



()()() 

No Degree ( ) 

( ) ( ) ( ) 
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5. Check the classification, of your college or university; 

( ) a. Junior College 

( ) b. College of Liberal Arts 

( ) c. Specialized Institution 

( ) d. University 

CLASSIFICATION SCHEME; Junior College is an institution offering a two year program of 
study beyond the. level of the secondary school, and this college v^ork can be transferred to 
a baccalaureate degree. College of Liberal Arts refers to those institutions in which the prin- 
cipal emphasis is placed on the program of general undergraduate education. Suocialized 
Institution is the category which includes schools that offer degree programs directed toward 
one or more fields of specialization that are not attached to a liberal arts college or univer- 
sity. They are principally schools of technology, teacher training, theological schools, etc. 
University refers to those institutions in which there is considerable stress on graduate 
instruction, which confers advanced degrees in schools that are not exclusively technological. 

6. Is your chemistry department accredited by the American Chemical Society? 

( ) Yes 

( ) No 

7. What is the typical course(s) that you offer students entering the introductory chemistry 
course? 

(Check ^ statements that pertain; respond only to those statements that apply to your 
institution. ) 

( ) a. No distinction as to chemistry background. AU^students take same course. 

( ) b. Course is designed in such a way that the better prepared student can complete the 
equivalent of one year course in one semester. 

( ) c. Place ^ students together but compensate for the student who has had no prior 

study in chemistry by using some of the early laboratory periods as drill sessions 
to give students experience in momenclature, elementaiy facts of atomic theory, 

and equation writing. Are these sessions extra or regular ? 

( ) d. Selected students are given a brief review and then placed in an honors section by 
examination. 

( ) e. Offer several introductory chemistry courses of varying difficulty; how many such 
courses ? 

( ) f. Give a sufficiently different course in the laboratory such that no student feels he is 
repeating the course. Try to eliminate trivia and introduce advanced and non- 
traditional topics. 

( ) g. Other (Specify) 
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8. Complete this section onlj^ if you teach an "honors" course. If you have no honors course 
check here ( ). 

A. \\Tiat description best fits the nature of the course? (Check only one) 

( ) 1. One which omits descriptive inorganic and schematic scheme of analysis. 

( ) 2. A one semester course followed by thermodynamics. 

( ) 3. A course in chemical principles with descriptive chemistry. 

( ) 4. A course comprising largely organic chemistry. 

( ) 5. A combined chemistry-physics course. 

( ) 6. A course in crystal structure. 

( ) 7. Other (Specify) 

B. What methods are used for selecting the students? (Check all statements tliat pertain.) 

( ) 1. Placement Examination 

( ) 2. College Board Examination 

( ) 3. Special Examinations ( ) 

( ) 4. High School Science Background 

( ) 5. High School Record 

( ) 6. American College Testing Program (ACTP) 

( ) 7. American Chemical Society Examination 

( ) 8. ACT Grade in Mathematics 

( ) 9. High School Chemistry Grade 

( ) 10. Other (Specify) 

Rank the above methods in the importance attached to the selection of students by 
placing your choice of 1, 2, 3, 4, to the left of the checks. 

C. Which of these best describes the suitability of the "available" textbooks for this course 
or independent study? (Choose One) 

( ) 1. Suitable textbooks abd laboratory manuals are available. 

( ) 2. None of the existing textbooks or laboratory manuals suit our purpose. 

( ) 3. Other (Specify) 



9. In tliis investigation the majority of the currently available textbooks and laboratory 
manuals are considered as representing the "conventional" course. Please react to the 
following six statements about the conventional course. If you agree with the statement, 
encircle "A". If you disagree with the statement, encircle "D". If you are undecided about 
the statement, encircle "U". 



The "conventional" course in college chemistry: 

1. is generally satisfactory for all students. A D 

2. is more appropriate for students who major in 

chemistry than those who do not. A D 

3. could be significantly modified for the superior student 
with a good high school background in science and mathe- 
matics by eliminating descriptive matter and introducing 

more advanced non-traditional topics. A D 

4. needs new textbooks of varying difficulty but adliering 

to traditional topics stressing the products of chemistry A D 

5. should be taught from textbooks of varying difficulty but 

utilizing the inquiry approach, i.e. , stressing the proc- 
esses of chemistry. A D 



U 

U 



U 

U 

U 
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6. will continue because the time and cost are essential 
factors which have tended to retard the introduction of 
chemistry innovations analagous to C.B.A. and CHEM 
study at the introductory college level. AD U 

10, Which of these best describes the laboratory maimal or text that you use in the intro- 
ductory college chemistry course? (check on«.) 

( ) a. Only materials prepared by the chemistry staff. 

( ) b. Only published material which is available commercially. 

( ) c. A combination of the above. 

( ) d. Other (specify) 

11. What type of pre-laboratory instruction do you give the introductory college chemistry 
students? (Please check all that apply.) 
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Students are expected to have read directions. 

Students are assigned supplementary readings other tlian laboratory manual 
directions. 

A pre-laboratory drill assures that students have read directions. 

A pre-laboratory quiz assures that students have read directions. 

A pre-laboratory quiz assures that students have read supplementary readings, 
A pre- laboratory quiz assures that students have worked the drill. 

The experiment is demonstrated. 

Procedure is discussed. 

The theoretical basis of the experiment is discussed. 

Questions are answered. 

Special emphases and different points are elucidated. 

Other (please specify) 



Data is recorded in duplicate by use of carbon paper. 
Data is recorded on blank separate sheets. 

Data is recorded in blank notebooks. 



Other (specify 



13. What type of reporting do you expect from the introductory chemistry students? 
(Please check all that apply. ) 

( ) a. Fill in data and results on printed sheets. 

( ) b. Students design their own report sheets. 

( ) c. Full reports (essay form). 

( ) d. Sample calculations only. 

( ) e. Full calculations. 

( ) f. Duplicate raw data sheets (carbon paper record). 

( ) g. Supplementary questions are answered in the laboratory. 

( ) h. Graphs from data in the laboratory. 

( ) i. Other (Specify) 

14. Do your introductory students perform special projects? ( ) yes ( ) no 

If yes, approximately what percent of the laboratory course 

is taken up with them? percent 
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15. Excluding the honors course or specialized course, how are you challenging tiie superior 
student who has successfully completed high school chemistry, and in addition, shows 
special talent? (Check all statements that pertain to your institution. ) 

A. No provisions made, because- 
( ) 1. No interest. 

( ) 2. Lack of student time. 

( ) 3. Lack of professor time. 

( ) 1. Lack of facilities. 

( ) 5. Do not have, but are interested. 

( ) 6. Other (Specify ) 

B. Independent Study; (The student carries on a study of basic research under the 
direction of a faculty member and prepares a paper on his work in the manner of 
a journal article .,) The nature of this Independent study is a - 

( ) 1. Special laboratory project. 

( ) 2. Special problem in qualitative analysis. 

( ) 3. Special problem selected by the individual student. 

( ) 4. Special problem selected by the chemistry department. 

( ) 5. Do not have, but are Interested. 

( ) 6. No interest. 

( ) 7. Other (Specify) 

C. Conference Stufy or Conference Sessions; (Informal meetings on a variety, of 
topics-freshman presentation. ) 

( ) 1. *Seminar. 

( ) 2. Assist professors or graduate students in preparing papers to be presented 
at seminars. 

( ) 3. Other (Specify) . 

D. Advanced Placement ( ). Describe 

16. Answer parts (A) and (B); then complete this section only if your department has in the 
last two years revised its old course and/or added a new course. 

A. Has your department added a new introductory chemistry course in the last two years? 
( ) 1. Yes 

( ) 2. No 

B. Has your department made such changes as textbook change or revision and/or lab- 
oratory exercise changes or revision in the introductory chemistry course in the 
last two years ? 

( ) 1. Yes 
( ) 2. No 

} C. If your answer to either 16-A or 16-B is Yes , please answer the follov/ing questions 
by encircling ”Y” if your answer is Yes ; encircle ”N'^ if your emsv/er is and 
encircle if you are Uncertain . 

1. Have the content and program of instruction been 

considerably modified but the framework of the old 

course retained? Y N U 
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2, Do you rely mainly upon a single textbook and lab- 
oratory manual in the new or revised course? Y N 

3, Are you using an outline or syllabus which was pre- 
pared especially for the new course? Y N 

4, Does the new course attempt to treat much of the 
traditional content such as the study of gases, 

liquids, solids, etc. as separate units? Y N 

5, Do you expect more reading outside the text in the 

new or revised course than in the old course? Y N 

6, Is the work in the new or revised course indepen- 
dent of collaboration with physicists ? Y N 

7, In the new or revised course has your department 

prepared a list of independent studies or research 
requiring investigations which can be carried on by 
the individual student outside the classroom and/or 
laboratory? Y N 

8, Has your department prepared special tests or 
other means of evaluating student achievement of 

the distinctive aims for the new or revised course? Y N 

9, Does your new and/or revised course have a set of 
objectives which have been formally stated and to 

which all members teaching the course have access? Y N 
10, Do the objectives of the new and/or revised course 
differ substantially from the objectives of the older 
course? Y N 



U 

U 

U 

U 

U 



U 

U 

U 

U 



17. Which of the following best represents your opinion of what the introductory course in 

college chemistry should be? (Choose only one.) 

( ) 1. A course in chemical principles with descriptive chemistry serving only to 

illustrate these concepts, 

( ) 2, A course based heavily on laboratory and classroom demonstration of a 

phenomenon, 

( ) 3. An integrated course in physics, chemistry, and mathematics. 

( ) 4, An inventory of factual materials and phenomenological formulas needed for 
advanced study, 

( ) 5, Other (Specify) ; 



O 
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PART II 



OBJECTIVES AND AIMS OF THE INTRODUCTORY COLLEGE CHEMISTRY COURSE 

Indicate by encircling the letter "A" those objectives which you believe to be very important; 
encircle "S” those objectives which you believe to have some importance; and encircle the 
letter "D" those which you believe are not at all important. 



Wliich of the following do you believe to be the most significant aims and objectives which the 
study of introductory college chemistry should allow a student to achieve? (Respond to each 
statement) 



1. Show die relationship of chemistry to other sciences. A 

2. Help the student to understand the nature of matter and its 

transformations . A 

3. Develop the ability to do critical thinldng. A 

4. Malte students familiar with the facts, principles, and concepts of 

chemistry. A 

5. Acquaint students with new findings of chemistry and to point out 

their applications to everyday life. A 

6. Help the student to discover whether he has an aptitude to work in 

pure or applied science. A 

7. Give students an idea of the importance and significance of chemistry 

in our national life. A 

8. Development of specific interests, habits, and abilities which should 

be contributed to by ^1 courses in science. A 

9. Expand the interest of individual students by encouraging hobbies 

and outside activities which are related to chemistry. A 

10. Develop the ability to handle quantitative problems (as they are 

usually treated in chemistry textbooks. ) A 

11. Stimulate the desire to read literature pertaining to beginning 

chemistry and other scientific work. A 

12. Teach students to be precise in observation and expression. A 

13. Involve a student in a scientific inquiry which combines theory 

and experiments in the solution of the problem. A 

14. Provide practice and reliable recording of data (the acquisition and 
ordering of data) and training in how to differentiate between 

relevant and irrevelant data. A 

15. Formulate, as well as answer, questions. A 

16. Develop intellectual honesty rather than foster the search for the 

’’right” answers. A 

17. Train the student to analyze errors and to learn how to minimize 

them by making appropriate modifications in experimental procedure. A 

18. Train the student to recognize the limitations of a given experi- 
mental method and learn how such limitations may be overcome. A 

19. Provide the student direct experiences related to concepts 

expounded in the classroom. A 

20. Demonstrate the extension of human sensory perception by 

appropriate instruments. A 

21. Develop selected manipulatory skills involved in laboratory 

techniques . A 
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22. To bring the student to the point where he can function in a 

scientific laboratory, or to enable him to understand the reason 
for the existence of laboratories and the basis of action carried 
out by those who work there. 



23. Obtain (efficiently) reliable data which can be applied to yield an 
answer to a meaningful questiot. the investigator has proposed 
about the behavior of nature. 

24. Other (Specify) • 



A S D 



25. What five of the above statements (1-24) do you consider to be the most significant ob- 
jectives of introductory chemistry? Hank these five choices in the most importance 
attached to course objectives by placing the number of the most important objectives 
in descending order from left to right: 




26. How do you evaluate the success of the introductory chemistry course in your institu- 
tion? (Check all that apply) 

( ) 1. Special examination. 

( ) 2. Subjective observations. 

( ) 3. By using a student-completed questionnaire. 

( ) 4. Discussion involving the entire chemistry faculty. 

( ) 5. No evaluation. 

( ) 6. Other (Specify) 

Indicate a periodic or spasmodic evaluation by placing a "p” or an ”s" at the end of 
the sentence of your choice. 
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PART m 



« 



SUPPLEMENTARY MATERIALS, EQUIPMENT, AND METHODOLOGY 
USED IN THE INTRODUCTORY COLLEGE CHEMISTRY COURSE 



Place a chock mark in the box located to the loft of those supplements that you use to assist 
you in teaching the introductory college chemistry course. Place a check in column "A" if 
supplements are used in the classroom by instructor and a check in column "B" those 
supplements used outside the classroom by students. 

Supplementary Materials A B 



( ) 1. Study guidespreparod by the chemistry faculty. 

( ) 2. Student personal data inventories. 

( ) 3. File of previous given chemistry tests. 

( ) 4. Bibliography of reading materials for students 
( ) 5. Study Materials: 

a. Articles 

b. Books 

c. Film Loops 

d. Programmed Materials 

e. Other (Specify) 

( ) 6. Atomic and molecular models. 

( ) 7. Visual aids. 

a. Filmstrips 

b. Overhead projector 

c. Opaque project:>r 

d. 8 mm or 16 mm projector 

e. Closed circuit television 

£. Otlier (Specify) 

( ) 8. Paperback books available in the college bookstore. 

( ) 9. Videotape. 

( ) 10. Computer assisted instruction. 

( ) 11. Other (Specify) 



Equipment 

( ) 12. Direct reading balances . 

( ) 13. Gas Chromatograph. 

( ) 14. Infra-red spectrophotometer. 

( ) 15. Bausch and Lomb Spectronic 20. 
( ) 16. PH Meter 

( ) 17. Conductivity bridge. 

( ) 18. Polar imeter. 

( ) 19. Geiger counter or scintillator. 

( ) 20. Paperchromatography. 

( ) 21. Other (Specify) 



Equipment Use 

Demonstration Student Study of 



Experiments Design 
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~ Outside Materials 

V ) . 

( ) 22. Field trips, exploration trips, local industry, resource speakers (outside speakers.) 

Underscore those used. 

( ) 23. Chemistry club and parties. 

( ) 24. Other (Specify) 

Methodology and Techniques 




( ) 25. Demonstrations (teacher and/or students). 

( ) 26. Panel Discussions. 

( ) 27. Team teaching and/or committee teaching. 

( ) 28. Programmed instruction. 

( ) 29. Review sessions and/or tutorial sessions. 

( ) 30. Conference quizzes. 

( ) 31. Series of quizzes, tests - objective and subjective. 

( ) 32. Student conferences with faculty members. 

( ) 33. Regular problem assignments. 

( ) 34. Urge the students in class and out of class to use the library forother than textbook 

reading. 

( ) 35. Require term papers on topics not adequately covered in textbooks or secondary 

sources. 

( ) 36. Special topics and reports. 

( ) 37. Student presentation of problems and solutions . 

( ) 38. Assign research journal articles for reading. 

( ) 39. Presenting the limited but useful aspects of "black box" instruments. 

( ) 40. Let students plan, execute, and interpret experiments. 

( ) 41. Using "open-ended" experiments. 

( ) 42. Devise experiments so that original sources must be consulted. 

( ) 43. Using some laboratory experiments which "stand on their own feet," i.e. , 

e 3 q)eriments which are not dependent on materials discussed in the classroom. 

If not, why? 

( ) 44. Using simple "mock-up" rather than complex apparatus to concentrate the student’s 

attention on ideas rather than manipulation. 

( ) 45. Other (Specify) 



I ) 
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PART IV 



FACTORS THAT REDUCE INTEREST IN THE INTRODUCTORY CHEMISTRY COURSE 

Wliat are the factors that tend to limit student interest in the introductory chemistry course? 

( ) 1. Topics are unrelated to student interest. 

( ) 2. Too much theory. 

( ) 3. Not enough laboratory work. 

( ) 4. Insufficient or inadequate laboratory equipment. 

( ) 5. Lack of library facilities. 

( ) 6, Not enough individual work. 

( ) 7. Too much memory work. 

( ) 8. Subject too formally presented. 

( ) 9. Instructor teaching too many subjects or students. 

( ) 10. Facts taught as ends (products) of science rather than a means (processes) of science. 

( ) 11. Too much teacher dependence on textbook. 

( ) 12. ' Too much telling - too teacher domination. 

( )13. Failure of instructor to clarify a general principle. 

( ) 14. Failure to use ’’practical tangibles" in place of "textbook tangibles. " 

( ) 15. Too little faculty time — too involved in research or other activities. 

( ) 16. Poor instruction by graduate assistants. 

( ) 17. Other (Specify) 



PART V 



REASONS FOR CHANGING THE INTRODUCTORY COLLEGE CHEMISTRY COURSE 

1. What do you consider as compelling reasons for considering course revision? (Check all 

statements that pertain. ) Check here ( ) if you consider your present course satisfactory 

and no course revision is necessary. 

( ) a. The availability of more equipment and more modern equipment for laboratory 

and instructional use. 

( ) b. Impact of CBA, CHEMS, PSSC courses. 

( ) c. The number of chemistry majors is diminishing. 

( ) d. Theories of chemistry are constantly developing. 

( ) e. Advent of general chemistry textbooks with a change in emphasis. 

( ) f . Flood of new information appearing in the chemical literature. 

( ) g. Large number of students beginning the study of introductory college chemistry 

and the fact that many of these students are better prepared in terms of high 
school chemistry and/or mathematics. 

( ) h. Other (Specify) 

2. Rate these items as you believe they should be developed to improve the teaching of college 
chemistry at the introductory level. (Indicate by encircling "A" those things which you be- 
lieve to be very important; encircld'S" those things which you believe to have some import- 
ance; and encircle "D" those things which you believe are not at all important. ) 

A. The development of test-like instruments for discovering the A S D 

particular needs and interests of students and the selection of 
contents and teaching procedures to meet those needs and interests. 



J 
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B, The prcpai'ation of tests designed to measure the achievement of 
students with respect to certain aims not now specifically tested 
such as understanding the processes or methods of chemistry as 
well as the content and the ability to do critical thinking, 

C, The retraining of those people already engaged in the teaching 
of the iiilroductory college course in chemistry to meet the 
current trend in science teaching, 

D, A revolution in attitudes and methods of teaching (the search 
for fresh and flexible teaching techniques) and in the methods of 
educating college teachers of chemisti'y, 

E, A shift from the traditional emphasis of stressing the facts and 
products of the discipline of chemistry to the teaching of the 
processes of chemistry which will be valuable in all learning 
long after the facts are forgotten, 

F, Other (Specify) 



A S D 

A S D 

A S D 

A S D 



PART VI 

ADDITIONAL INFORMATION 

1. What other specific uses or additional information for which space and headings are not 
provided can you supply? Please feel free to add all you can. You may use the back of 
this page or attach a page, A syllabus of your introductory chemistry course or any other 
related material would be helpful to die study, ( ) Professor 

^ ( ) Associate Professor 

y ( ) Assistant Professor 

Name of person completing this questionnaire ( ) Instructor 



Do you teach the course ? ( ) Yes ( ) No 

If you do not, do you have any duties in connection with the course? 

( ) Yes ( ) No 

If yes, specify these duties: 



Name oi stitution City State Zip Code 



( ) 



Return to B, C, Dodson, Chairman, Chemistry Department, Southern State College, 
Magnolia, Arkansas 71753 
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APEEHDIX C 

UST OF INSTITUTIONS IN SAHPU5 
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UNIVERSITIES 



Alabama, University of, Alabama 
Alfred University, Nevr York 
Andre\is Iftiivcrsity, Michigan 
Arkansas, Iftiiversity of, Arkansas 
Auburn University, Alabama 
Baylor University, Texas 
Boston University, l^assachusetts 
Bov/ling Green State University, 

Ohio 

Bridgeport, University of, 
Connecticut 

Brigham Young University, Utah 
Brovm University, Rhode Island 
Bucknell University, Pennsylvania 
California, University at Berkeley, 
California 

California University at Los 
Angeles, California 
Case Western Reserve Uiiversity, 
Ohio 

Catholic University of America, 
District of Columbia 
Cincinnati Uiiversity, Ohio 
City Uiiversity of New York, New 
York 

City College, New York 
Clemson Uiiversity, South Carolina 
Connecticut Uiiversity of, Con- 
necticut 

Creighton Uiiversity, Nebraska 
Dayton, Uiiversity of, Ohio 
Delai/are, Uiiversity of, Delaware 
Denver, Uiiversity of, Colorado 
De Paul Uiiversity, Illinois 
Detroit, Uiiversity of, Michigan 
Duke University, North Carolina 
Duquesene Uiiversity, Pennsylvania 
East Tennessee State University, 
Tennessee 

Eastern Michigan Uiiversity, 
Michigan 

Eastern New Mexico Uiiversity, 

New Mexico 

Fairleigh Dickinson Uiiversity, 

New Jersey 

Florida Agricultural and Mechani- 
cal Uiiversity, Florida 
Gonzaga Uiiversity, V/ashington 
Harvard Uiiversity, Massachusetts 



Idaho, Uiiversity of, Idaho 
Idaho State Uiiversity, Idaho’ 
Illinois V/esleyan Uiiversity, 
Illinois 

Indiana, Uiiversity of, Penn- 
sylvania 

Iowa State Uiiversity of Science 
& Technology, Iov;a 
Jacksonville Uiiversity, Florida 
John Hopldns University, Maryland 
Kansas, Uiiversity of, Kansas 
Lehigh University, Florida 
Long Island Uiiversity, New York 
Louisiana State Uiiversity, 
Louisiana 

Louisville, Uiiversity of, Ken- 
tucky 

Loyola Uiiversity, Illinois 
Loyola Uiiversity of Los Angeles, 
California 

Maine, Uiiversity of, Maine 
Marquette Uiiversity, V/isconsin 
Marshall Uiiversity, West 'Virginia 
Massachusetts, Uiiversity of, 
Massachusetts 

Michigan, Uiiversity of, Michigan 
Mllikin Uiiversity, Illinois 
Mississippi, Uiiversity of, 
Mississippi 

Mississippi State Uiiversity, 
Mississippi 

Missouri, Uiiversity of, Missouri 
Montana, Uiiversity of, Montana 
Municipal Uiiversity of Qnaha, 
Nebraska 

Nevada, Uiiversity of, Nevada 
New Hampshire, Uiiversity of. 

New Hampshire 

New York University, New York 
Niagara Uiiversity, Nev/ York 
Loma Linda Uiiversity, California 
North Carolina at Chapel Hill, 
University of North Carolina 
North Carolina State Uiiversity 
at Raleigh, North Carolina 
North Dakota, Uiiversity of. 

North Dakota 

North Texas State Uiiversity, 

Texas 



271 



272 





Northwestern Iftiiversity, Massachu- 
setts 

Northern Illinois University, 
Illinois 

Northwestern Ifoiversity, Illinois 
Notre Dame, University of, Indiana 
Oklahoma City Ifaiversity, Oklahoma 
Oklahoma State University, Okla- 
homa 

Pacific Intheran University, V7ash- 
Ington 

Pennsylvania, Uiiversity of, 
Pennsylvania 

Pennsylvania State University, 
Pennsylvania 

Portland, University of, Oregon 
Princeton University, Neiir Jersey 
Puget Sound, University of, Wash- 
ington 

Rice University, Texas 
Roosevelt University, Illinois 
Rutgers — The State University, 

New Jersey 

St. Bonaventiare University, New 
Tork 

St. Louis Uiiversity, Missouri 
St. Mary*s University, Texas 
San Francisco, University of, 
California 

Scranton, Uiiversity of, Penn- 
sylvania 

Seattle University, Washington 
South Dakota, University of. 

South Dakota 

South Dakota State Uiiversity, 
South Dakota 

South Florida, Uiiversity of, 
Florida 

Southern California, Uiiversity 
of, California 

Southern Illinois University, 
Illinois 

Southern Mississippi, University 
of, Mississippi 

Southwestern Louisiana, Uiiversity 
of, Louisiana 

State Uiiversity of Nev/ York, 
Albany, New York 



State Uiiversity of New York, 
Buffalo, New York 
Stetson University, Florida 
Syracuse Uiiversity, Neii York. 
Temple University, Pennsylvania 
Texas, Uiiversity of, Texas 
Texas A & M Uiiversity, Texas 
Texas Southern Uiiversity, Texas 
Texas Women *s Uiiversity, Texas 
Toledo, Uiiversity of, Ohio 
Tulane University, Louisiana 
Tulsa, University of, Qklalioma 
Union College and Uiiversity, New 
York 

United States International 
University, California 
Utah, University of, Utah 
Vanderbilt University, Tennessee 
Virginia, University of, Virgin- 
ia 

Washburn Uiiversity of Topeka, 
Kansas 

Washington, Uiiversity of, Wash- 
ington 

Washington and Lee Uiiversity, 
Virginia 

Washington State Uiiversity, 
Washington 

Washington University, Missouri 
Wayne State Uiiversity, Michi- 
gan 

West Virginia University, West 
Virginia 

Western Illinois Uiiversity, 
Illinois 

Western Michigan Uiiversity, 
Michigan 

Wichita State University, Kansas 
Willamette Uiiversity, Oregon 
Wisconsin, Uiiversity of, Wis- 
consin 

Wittenberg University, Ohio 
Xavier Uiiversity, Ohio 
Yale University, Connecticut 
Youngstown State University, 

Ohio 
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LIBERAL ARTS COLLEGES 



I 



Alabajna College, Alabama 
Albany State College, Georgia 
Amherst College, tiassachusetts 
Augustana College, South DaRota 
Austin Peay State College, Tennes- 
see 

Baldvmi-Wallace College, Ohio 
Barnard College, New York 
Bellarmine College, Kentucky 
Bennett College, North Carolina 
Bethel College, Tennessee 
Brooklyn College, New York 
Buena Vista College, Iowa 
Cabrini College, Pennsylvania 
California Baptist College, Cali- 
fornia 

Carro3JL College, VJisconsin 
Centenary College, Louisiana 
Central Missouri State College, 
Missouri 

Coe College, Iowa 
Coker College, South Carolina 
Colgate University, North Carolina 
Columbia College, South Carolina 
Concord College, West Virginia 
Connecticut College, Connecticut 
Converse College, South Carolina 
Culver-Stockton College, Kentucky 
Dana College, Nebraska 
Davidson College, North Carolina 
Doane College, Nebraska 
East Texas Baptist College, Texas 
Eastern Kentucky State College, 
Kentucky 

Eastern Mennonite College, Virginia 
Elizabethtoi-m College, Pennsylvania 
Emmanual College, Ifessachusetts 
Hamline University, 14innesota 
Hac^ton-Sydney College, Vii’ginia 
Hastings College, Nebraska 
Holy Cross, College of the, 

. Massachusetts 

Holy Family College, Wisconsin 
Hope College, Michigan 
Hov/ard Payne College, Texas 
Illinois College, Illinois 
Indiana Central College, Indiana 
John Carroll Iftiiversity, Ohio 
Judson College, Alabama 



Kansas V/eslyan l&iiversity, Kansas 
Kentucky State College, Kentucky 
Lane College, Tennessee 
Lincoln lAiiversity, Missouri 
Linfield College, Oregon 
Loretta Heights College, Ohio 
McPherson College, Kansas 
Madison College, Virginia 
Malone College, Ohio 
Marietta College, Ohio 
Marion College, Indiana 
Massachusetts State College at 
Bridgev:ater, 14assachusetts 
Massachusetts State CoDJ.ege at 
Westfield , Massachus ett s 
Merrimack College, Massachusetts 
Monterey Institute of Foreign 
Studies, California 
Mount Holyoke College, Massachu- 
setts 

Mount St. Joseph College, New 
York 

Mount St. Mary*s College, Cali- 
fornia 

Mount St. Vincent's College, 

New York 

Mount Itaion College, Ohio 
Muhlenburg College, Pennsylvania 
Munblein College, Illinois 
Murray State College, Kentucky 
Nazareth College, Michigan 
North Central College, Illinois 
Notre Dame, College of, California 
Notre Dame College, Ohio 
Notre Dame College, Staten Island, 
New York 

Oglethorpe College, Georgia 
Olivet Nazareno College, Illinois 
Otterbein College, Ohio 
Ozarks, College of the, Missouri 
Pacific Ihion College, California 
Peru State College, Nebraska 
Plymouth State College, Nev; 
Hampshire 

Queens College, North Carolina 
Sacramento State College, Cali- 
fornia 

St. Benedict, College of, Minne- 
sota 
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St# Joseph College, Maryland 
St# Mary of the Woods College, 
Indiana 

St# Mary*s College, Indiana 
St# Michael's College, Vermont 
St# Olaf College, Minnesota 
St# Procopius College, Illinois 
Salem College, Vfest Virginia 
San Francisco College for Women, 
California 

San Jose State College, California 
Santa Fe, College of. New Mexico 
Seton Hall College, Pennsylvania 
Shaw University, North Carolina 
Shorter College, Georgia 
South Carolina State College, 

South Carolina 

Southern Connecticut State College, 
Connecticut 

Southern Missionary College, Tennes 
806 

Southern State College, Arkansas 
Southwestern State College, Okla- 
homa 

Southwestern Uhiversity, Tennessee 



Springhill College, Alabama 
Sweet Briar College, Virginia 
Tarleton State College, Texas 
Trinity College, District of 
Columbia 

Troy State College, Alabama 
Ursuline College, Kentucky 
Valdosta State College, Georgia 
Wabash College, Indiana 
Walla Walla College, Washington 
Wayne State College, Nebraska 
Waynesburg College, Pennsylvania 
Westchester State College, 
Pennsylvania 

Western Kentucky State College, 
Kentucky 

Western Maryland College, Mary- 
land 

Wheeling College, West Virginia 
Wilberforce Uhiversity, Ohio 
William College, Massachusetts 
Williamantre State College, 
Connecticut 

Wisconsin State Uhiversity at 
Eau Claire, Wisconsin 
Wooster, College of, Ohio 
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JUNIOR COLLEGES 



Alice Lloyd College, Kei^tucky 
Andrew College, Georgia 
Armstrong State College, Georgia 
Bennett College, New Yoi’k 
Black Haxdc College, Illrlnois 
Bluefield College, Virginia 
Bronx Community College, Nev? York 
Cameron State Agricultural 
College, Oklahoma 
Centralia College, Washington 
Chabot College, California 
Cisco Junior College, Texas 
City College of San Pl-»ancisco, 
California 

Clatsop Community College, Oregon 
Concordia College, Oregon 
Contra Costa College, Calif oitiia 
Cumberland College of Tennessee, 
Tennessee 

Daniel Payne College, Alabama 
Desert, College of the, California 
Donnelly College, Kansas 
El Camino College, California 
Georgia Military College, Georgia 
Georgia Southwestern College, 

Georgia 

Grossmont College, California 
Bibbing Junior College, Minnesota 
Holmes Junior College, Mississippi 
Illinois Valley Community College, 
Illinois 

Iridependence Community College, 
Kansas 

Indian River Junior College, Florida 
Jackson Community College, Michigan 
Jamestown Community College, New 
York 

Joliet Junior College, Illinois 
Kendall College, Illinois 
Lansing Community College, Mchigan 
Lee College, Tennessee 
Lee College, Texas 
Lincoln College, Illinois 
Los Angeles Valley College, Cali- 
fornia 

Maricopa County Junior College, 
Ari 2 sona 

Mercy Junior College, liissouri 
Meridian Junior College, Mississippi 
Mesa Junior College, Colorado 



Midv7ay Junior College, Kentucky 
Mississippi Delta Junior College, 
Mississippi 

Modesto Junior College, California 
Mohav/k Valley Community College, 
New York 

Monterey Peninsula College, Cali- 
fornia 

Morristoim College, Tennessee 
Mount San Antonio College, Cali- 
fornia 

Multnomah College, Oregon 
Murray State A & M College, 
Oklahoma 

Noonan College, Georgia 
Oklahoma Military Academy, 

Oklahoma 

Orange County Community College, 
New York 

Packer Collegiate Institute, 

New York 

Palo Verde College, California 
Pine Manor Junior College, 
Massachusetts 

Reinliardt College, Georgia 
St, John*s River Junior College, 
Florida 

San Diego Junior College, Cali- 
fornia 

Santa Barbara City College, 
California 

Santa Monica City College, Cali- 
fornia 

Snead College, Alabama 
South Georgia College, Georgia 
Southeastern Christian College, 
Kentucky 

Southeastern Iowa College, Iowa 
Southwest Texas Junior College, 
Texas 

Sue Bennett College, Kentucky 
SuUins College, Virginia 
Tyler Jimior College, Texas 
Solana Junior College, California 
Valley Forge Military J\mior 
College, Pennsylvania 
Ventura College, California 
Victor Valley College, California 
Vicennes Ikiiversity, Indiana 
Westbrook Junior College, Missouri 



SPECIALIZED INSTITUTIONS . 



Agrlcultiiral and Technical College 
of North Carolina, North Carolina 
Aquinas Institute of Philosophy 
and Theology, Illinois 
California Institute of Technology, 
Califonniia 

Cheyney State College, Pennsylvania 
Chicago State College, Illinois 
Concordia Teachers College, Illi- 
nois 

East Stroudsburg State College, 
Pennsylvania 

Fashion Institute of Technology, 
Nel^r York 

Illinois Institute of Technology, 
Illinois 

Ill in ois State University, Illinois 
Mansfield State College, Pennsyl- 
vania 

Massachusetts State College at 
Salem, Massachiisetts 
Montclair State College, New Jersey 



Newark College of Engineering, 
New Jersey 

New Haven College, Connecticut 
Oregon College of Education, 
Oregon 

Polytechnic Institute of Brook- 
lyn, Nevf York 
Pratt Institute, New York 
Rochester Institute of Tech- 
nology, New York 
Rose Polytechnic Institute, 
Indiana 

Saint Charles College, Maryland 
Slippery Rock State College, 
Pennsylvania 

South Dakota School of Mines and 
Technology, South Dalcota 
Trenton State College, New Jersey 
United States Military Acadeirgr, 
New Yox’k 



APPENDIX D 



LIST OF COLIEGES USED IN VALIDATING QUESTIOTAIRE 

AND 

RAW DATA ON QUESTIONNAIRE RESPONSES 




UST OF COIIEGES USED IN VALIDATHIG QUESTIONNAIRE 





Agn©8 Scott College, Georgia 
♦Alliance College, Pennsylvania 
♦Alvemo College, Wisconsin 
Aquinas College, Michigan 
♦Anderson College, Indiana 
Augustana College, Illinois 
♦Aurora College, Illinois 
Barber-Scotia College, North 
Carolina 

♦Bai*ry College, Florida 
♦Beaver College, Pennsylvania 
♦Belhaven College, Mississippi 
♦Beloit College, Wisconsin 
♦Bellarmine-'Ursuline College, 
Kentucky 

Bloomfield College, New Jersey 
Bluffton College, Ohio 
♦Caldwell College for Women, 

New Jersey 

California State College, 

Fullerton 

♦California State College, Hayward 
♦California State College, San 
Bernardino 

Carson-Neimn College, Tennessee 
Carthage College, Illinois 
Central Connecticut State College, 
Connecticut 

College of Charleston, South 
Carolina 

♦Chatham College, Pennsylvania 
♦Chico State College, California 
♦Christian Brothers College, 
Tennessee 

♦Claremont Men*s College, Cali- 
fornia 

♦Colby College, Maine 
Concordia College, Minnesota 
♦Cumberland College, Kentucky 
♦Dallas, Iftiiversity of, Texas 
♦Dickinson College, Pennsylvania 
♦Dillard University, Louisiana 
Dominican College, Wisconsin 
Dinny College, Missouri 
♦Duchesne College of the Sacred 
Heart, Nebraska 
♦Eastern Illinois University, 
Illinois 



♦Eastern Nazarene College, 
Massachusetts 

♦Eastern Washington State College, 
Washington 

Bnory and Henry College, Virginia 
♦Evansville College, Indiana 
(University of Evansville) 
♦Fairfield University, Connecti- 
cut 

Fairleigh University, Connecti- 
cut 

♦Florence State College, Alabama 
♦Fontbonne College, Mssouri 
♦Fort Hays State College, Kansas 
Fort Lewis College, Ohio 
Fort Wright College of the Holy 
Names, Washington 
♦Francis T, NichoUs State Col- 
lege, Louisiana 
Franklin College of Indiana, 
Indiana 

♦Gallaudet College, District of 
Columbia 

♦Georgian Court College, New 
Jersey 

♦Goshen College, Indiana 
Greensboro College, North Caro- 
lina 

Hanover College, Indiana 
♦Hardin-Sinmons University, Texas 
♦Harding College, Arkansas 
♦Hiram College, Ohio 
♦Hood College, Maiyiand 
■Humboldt State College, Cali- 
fornia 

Hunter College, New York 
♦Huntington College, Indiana 
♦Idaho, College of, Idaho 
♦Kentucky Wesleyan College, 

. Kentucky 

La Salle College, Pennsylvania 
Lander College, South Carolina 
♦Lewis and Clark College, Oregon 
♦Le Moyne College, Tennessee 
Livingston College, North Caro- 
. lina 

Longwood College, Virginia 
♦Loras College, Iowa 



278 









279 



^Manchester College, Indiana 
^Manhattan College, New York 
Marymount College, California 
^Msorymount College, Kansas 
Maryville College, Tennessee 
Massachusetts State College, 
Massachusetts 

Mercyhurst College, Pennsylvania 
*Middlebury College, Vermont 
Mt, Angel College, Oregon 
*Mount Marty College, South 
Dakota 

Mount l^ary College, Wisconsin 

* Mount Mercy College, lovfa 
*Nasson College, Maine 
^Northwest Nazarene College, Idaho 
^Norwich Uhiversity, Vermont 

* Notre Dame of Maryland College, 

Maryland 

* Olivet College, Mchigan 

* Ouachita Baptist University, 

Arkansas 

*Our Lady of the Lake College, Teocas 
*Pace College, Nevr York 

* Pfeiffer College, North Carolina 
Pitzer College, California 
Portland State College, Oregon 

* Quincy College, Illinois 
Radcliff College, Massachusetts 

*Randolph-Macon V7oman*s College, 
Virginia 

Reed College, Oregon 
Regis College, Massachusetts 
Ripon College, V7isconsin 
Rocky Mount: ' College, Montana 
*St# Ambrose OJLege, Iowa 
*St, Bernard C r/Hege, Alabama 

* St# Edward University, Texas 
*St# John Fisher College, New York 
*St# John*s University, Mnnesota 
*St# M^tin*s College, V/ashington 
^ St# Mary of the Plains College, 

Kansas 

■i^’St# Mary*s College, Minnesota 
St# Mary*s University, Texas 
St# Paul*s College, Virginia 
*St# Teresa, College of, Minnesota 
St# Thomas, l&iiversity of, Texas 
^‘St# Vincent College, Pennsylvania 
■J^’Samford Ikiiversity, Alabama 



* Seattle Pacific College, Washing- 
ton 

*San Fernando Valley State College, 
California 

*Shimcr College, Illinois 
Simpson College, lovxa 
* Southeastern State College, Okla- 
homa 

* Southern California College, 

California 

*Spelman College, Georgia 
* Stanislaus State College, Cali- 
fornia 

* State College at North Adams, 
Massachusetts 

State College at V7estfield, 
Massachusetts 

estate University College, Buf- 
falo, New York 

* State lAiiversity of New York, 

Binghamton 

* Stephens College, Missouri 
* Sterling College, Kansas 
State Iftiiversity College at 
Geneseo, New York 
Suffolk University, Massachusetts 
* Tabor College, Kansas 
Texas Wesleyan College, Texas 
■^^•The Citadel, South Carolina 
*The College of St# Catherine, 
Minnesota 

*Tougaloo College, Mississippi 
Tusculum College, Tennessee 

* Valley City State College, North 

Dakota 

*Wake Forest State College, North 
Carolina 

Warner Pacific College, Oregon 
Wayne State College, Nebraska 
Wells College, New York 
West Texas State Iftiiversity, Texas 
Westminister College, Utah 
Wheaton College, Illinois 
'^Williams Woods, Missouri 
^Wilmington College, Ohio 
■^Wisconsin State University, 

La Crosse, Wisconsin 
^Wisconsin State University, 
Superior, Wisconsin 

* Wofford College, South Carolina 



Colleges and Ifoiversities that responded# Percent response was 63 percent# 
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VALIDATION DATA 



O 



IHFORMATira m BJTEQDUCTOHY COLLEGE ClffiMISTRY COURSES 
HUMBER OF COURSES OFFERED: 



Total Niunber 


One Two 


Three 


Number of Institutions of Courses 


Course Courses 


Courses 


94 120 


74 20 


2 


Course Enrollment por year: 9354 






Average Enrollment per course: 


= 78 




Number of Different Course Titles: 28 


(See attached pages for descrip- 


tion) 






COURSE PREREQUISITES: 








Number of 




Prerequisite 


Institutions 


Percent 


None 


51 


54 


Test 


1 


1 


Mathematics (3 years H.S* Math) 


23 


23 


Math and Test 


0 


0 


Other: 






H.S, Chemistry and Algebra 


33 


35 


H»S» Grade 


3 


3 


Natural Science 


1 


1 


Chemistry 


5 


5 



I, ) 



iEr|c 
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COURSE CREDIT: 



Credit in Semester Hours 



Sem. 

Total Hrs/ 

123456 89 10 12 Hours Course 



Number of 

Courses 1 1 1 2 5 6 76 1 24 1 960 7.2 



INTRODUCTORY CHEMISTRY COURSE TITLES 



Title 



Number 



!• Chemical Concepts 1 

2. College Chemistry 2 

3 . Electro-Chemistry and Thermodynamics 1 

4 . Foundations of Physical Science 1 

5. Fundamentals of Chemistry 3 

6. General Chemistry 60 

7. General College Chemistry 1 

8. General Chemistry and Elementary Qualitative 

Analysis 1 

9 . General and Organic Chemistry 1 

10. General Chemistry and Qualitative Analysis 3 

U« General Inorganic Chemistry 6 

12. General Inorganic and Qualitative Analysis 1 

13. Inorganic Chemistry 3 

14. Introductory Chemistry 9 

15 . Inorganic Qualitative Analysis 2 

16. Kinetics and Chemical Equilibrium 1 

17. Pipinciples of Chemistry 8 

18. Principles of Chemistry and Qualitative 

Analysis 1 

19 . Principles of Physics and Chemistry 1 

20. Principles^ Structure, and Bonding 3 

21. Principles, Structure and the Physical 

Chemistry of Equilibrium Systems 1 

22. Qualitative An8ilysis 3 

23 . Qualitative Inorganic Analytical Laboratory 1 

24 . Quantitative Analysis 2 
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INTRODUCTORY CIIMSTRY COURSE TITLES (Continued) 



Title 


Number 


25. Solution Chemistry 


1 


26. Structui*al Chemistry 


1 


27. Theoretical Chemistry 


1 


28. Theoretical Inorganic Chemistry 


1 


Total No, of Courses 


120 


PKBVIOUS HIGH SCHOOL CHEMISTRY EXPERIENCE 



Percent Experience and Number of Responses 



Academic 

Experience 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 or 


Mean 

Percent 


No Chemistry 


10 


6 


5 


1 


0 


20 


1 


0 


0 


49 


13.2 


Traditional Chem, 


5 


0 


0 


0 


1 


0 


0 


0 


0 


88 


66,7 


CBA or CHFl-IS 


21 


4 


6 


1 


2 


12 


0 


0 


1 


67 


15.1 



PERCENT OF STUDENTS VJHO EVENTUALLY MAJOR IN CHEI4ISTRY 



Percent Experience 



Mean 

01234567 89 or Percent 



Number of 

Responses 31253 15 224 57 11.0 



( ) 



o 



iERLC 
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FACULTY PERSONNEL: 

DEGREE OF PROFESSORS IN CHARGE OF COURSE 











Degree 






Total 

Mwiber 


BS 


MS 


HS-I- Ed.D. 


Ph.D. 


Number 


94 


1 


19 


0 0 


74 


Percent 




1 


20 


0 0 


79 




NUMBER OF OTHER PROFESSORS AND DEGREES 




Degree 



Total 

Number BS MS MS+ £dl«D« Fh«D« 

Number 156 12 25 3 ® 

Percent 7*7 11»2 1*9 0 74*4 



TOTAL NUMBER OF PROFESSORS AND THEIR DEGREES 



Degree 






Total 

Number 


BS 


MS 


MS+ 


Fh.D. 


Ed.D. 


Number 


250 


13 


u 


3 


190 


0 


Percent 




5*2 


17.6 


1.2 


76.0 


0 



me 






mm 



i 
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FIELD OF SPECIALIZATION OF PROFESSORS 



Disciplines 


Number 


Percent 


Chemistry 


235 


94.0 


Education 


4 


1.6 


Chemical Education 


1 


0.4 


Science 


1 


0.4 


Science Education 


1 


0.4 


Homo Economics 


1 


0.4 


Biology 


3 


1.2 


Physiology 


1 


0.4 


Pharmacy 


1 


0.4 


Physics 


1 


0.4 


Chemical Engineering 


1 


0.4 



HROEEBSiraiAL TRAINIHG AKD RESPONSIBILITY OF STUDIMT ASSISTANTS 


Degree 


Number of Assistants 


None 


145 


BS 


33 


NS 


00 


Other (Not Designated) 


32 


Total 


210 


Average/College ~ =2.2 




Responsibility 


Number of Colleges 


Lecture 


0 


Laboratory and/or laboratory 


56 


preparation 


Other 




Grading, recording, and/or 




bookkeeping 


13 


No assistants 


15 



!Er|c 
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ACCREDITED BY AMERICAN CHEMICAL SOCIETY (ACS) 



Yes 



No 



Number Percent Number Percent 



Nunber of Institutions 76 80 18 19 



TYPICAL INTRODUCTORY CK 



liXOl 



CSTRY COURSE OFFERED 



Responses 



Description 



Number Percent 



a. No distinction as to chemistry background. All 



students take same course. 64 

b. Course Is designed In such a way that the 
better prepared student can complete the 
equivalent of a one year coiirse In one 

semester. 4 

c. Place all students together but compensate 

for the student vdio has had no prior study Extra 

In chemistry by using some of the early 16 

laboratory periods as drill sessions to 
give students experience in nomenclature^ 
elementary facts of atomic theory, and Regular 

equation writing. 6 

d. Selected students are given a brief review 

and then placed in an honors section by 
examination. 8 

e. Offer several introductory chemistry courses 

of varying difficulty. 26 

f . Give a sufficiently different course In the 
laboratory such that no student feels he is 
repeating the course. Try to eliminate 
trivia and Introduce advanced and non-tradi- 

tional topics. 23 



68 



4 

Extra 

16 



Regular 

6 

8 

27 



24 
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i ) 



i ) 



EEACTIOSS TO STATEMOMTS REGARDDIG THE UTILITY OF THE INTRODUCTORY 
CHEMISTRY COURSE 



Responses 



Statement 



Agree 



Disagree 



Uhdecided 





No. 


a 


No. 


n 


No. 




The "conventional" course in 














college chemistry: 

1. is generally satisfactory 
for all students. 

2. is more appropriate for 


37 


39 


42 


44 


13 


13 


students who major in 
chemistry than those who 
do not. 


42 


44 


42 


44 


7 


7 



3. could be significantly 
modified for the superior 
student with a good high 
school background in science 
and mathematics by eliminat- 
ing descriptive matter and 
introducing more advanced 
non-traditional topics 57 60 

4* needs new textbooks of vary- 
ing difficulty but adhering 
to traditional topics stres- 
sing the products of chemis- 
try. 15 15 

5. should be taught from text- 
books of varying difficulty 
but utilizing the inquiry 
approach, i.e., stressing 

the processes of chemistry. 54 57 

6. will continue because the 
time and cost are essential 
factors which have tended to 
retard the introduction of 
chemistry innovations anala- 
gous to C.B.A. and CHEM 
study at the introductory 

college level. 20 21 



18 19 



15 



15 



48 51 



24 



25 



12 12 



21 



22 



38 40 



29 



30 



i 



DESCRIPTION OF MBORATORY MANUAL OR TEXTBOOK 



Response 



Description 



Number 



Percent 



a. Only materials prepared by the chemistiy 
staff. 

b. (Xily published material which is available 
commercially. 

c. A combination of the above. 

d. Other 

1. Journal of Chemical Education or ACo 
experiments. 


7 

25 

59 

3 


7 

26 

62 

3 


PRE-IABORATORX INSTRUCTION 






Description 


Response 




Number 


Percent 


a. Students are expected to have read directions. 

b. Students are assigned supplementary readings 


19 




other than laboratory manual directions, 
c. A pre-laboratory drill assures that students 


13 


13 



have read directions. 

d. A pre-laboratory quiz assures that students 
have read directions. 

e. A pre-laboratory quiz assures that students 
have read supplementary readings. 

f. A pre-laboratory quiz assures that students 
have worked the drill. 

g. The experiment is demonstrated. 

h. Procedure is discussed. 

i. The theoretical basis of the experiment is 
discussed. 

j. Questions are ansifered. 

k. Special emphases and different points are 
elucidated. 

l. Other: Post lab quiz or discussion. 



8 

0 

2 

14 

80 

77 

75 

75 

11 

3 



8 

0 

2 

U 

85 

81 

79 

79 

11 

3 
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STUDENT METHOD OF HANDLING DATA 



Description 



Kesponse 



Number Percent 



a. Data is recorded in duplicate by use of 
carbon paper. 

b. Data is recorded on blank separate sheets. 

c. Data is recorded in blank notebooks. 

d. Data is recorded on special printed forms 
you provide separately. 

e. Other: Data is recorded in laboratory manual. 



10 


10 


8 


8 


29 


30 


19 


20 


28 


29 



TYPE OF LABORATORY REPORTING OF DATA 




Description 



Response 



Number Percent 



a. Fill in data and restilts on printed sheets. 

b. Students design their oT-jn report sheets. 

c. Full reports (essay form). 

d. Sample calculations only. 

e. Pull calculations. 

f# Duplicate raw data sheets (carbon paper 
record). 

g. Supplementary questions are answered in 
the laboratory. 

h. Graphs from data in the laboratory. 

i. Other: (Form of data book) 



53 


56 


35 


37 


18 


19 


28 


29 


51 


54 


11 


11 


31 


32 


59 


62 


13 


13 



U 



SPECIAL PROJECTS 



Number of Colleges 


Percent Devoted to Projects 








Mean 




0 5 


9 or 


Percent 


4 


X 






13 




X 




77 


X 






Total 






1? 



CHALLENGES TO SUPERIOR STUDENTS 





Response 


Description 


Number Percent 



A. No provisions made, because— 



B. 



C. 



1. No interest. 


4 


4 


2. Lack of student time. 


20 


21 


3. Lack of professor time. 


27 


28 


4. Lack of facilities 


17 


18 


5. Do not have, but are interested. 


33 


35 


6. Other 


17 


18 


Independent Study: (The student carries on a 

study of basic research under the direction of 



a faculty member and prepares a paper on his 
work in the manner of a journal article. ) 

The nature of this independent study is a — 

1. Special laboratory project. 

2. Special problem in qualitative analysis. 

3. Special problem selected by the individual 
student. 

4. Special problem selected by the chemistry 
department. 

5. Do not have, but are interested. 

6. No interest. 

7. Gbher 

Conference Study or Conference Sessions: 
(Informal meetings on a variety of topics- 
freshman presentation). 

1. Seminar 



13 

3 



d 

21 

9 

10 



13 

3 



8 

22 

9 

10 
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CHALUEHGES TO SUP£RIOR STUDENTS (Continued) 



Response 



f 

I 

1 




Description 

Number Percent 



2. Assist professors or graduate students in 






preparing papers to be presented at seminars. 


1 


1 


3* Other 






(1) Advanced Placement 


11 


11 


(2) Credit hy Examination (ACS Exam. ) 


7 


7 


( 3 ) Chemistry-Physics in one year by exam. 


1 


1 



MEW COURSES 




Number of Responses 




Yes 


No 


New course added in last two years. 


19 


75 


Percent response to tusvi courses. 


20 


79 


Textbook change or revision and/or laboratory 






exercise changes or revision. 


77 


17 


Percent response to revision. 


81 


18 



DESCRIPTION OP COURSE REVISIONS 



Response 



Statement No Tes Uhcertain 



No. % No. % No. % 
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DESCRIPTION OF COURSE REVISIONS (Continued) 



Response 



Statement 



No 



Yes Ifticertain 



No. % No. % No. % 



2. Do you rely mainly upon a single 
textbook and laboratory manual in 



the neif or revised course? 
Are you using an outline or 


44 


46 


50 


53 


0 


0 


syllabus which was prepared 
especially for the nei-; course? 
Does the new course attempt to 
treat much of the traditional 


54 


57 


38 


40 


2 


2 


content such as the study of gases; 
liquids, solids, etc., as separate 














units? 


46 


48 


41 


43 


7 


7 


Do you expect more reading outside 
the text in the new or revised 














course than in the old course? 

Is the work in the new or revised 


64 


68 


29 


30 


1 


1 


course independent of collabora- 
tion with physicists? 


29 


30 


62 


65 


3 


3 



6 . 



7* in the new or revised course has 
your department prepared a list of 
Independent studies or research 
requiring investigations liiich can 
be rarried on by the individual 
sbu .it outside the classroom 
and/or laboratory? 

8. Has your department prepared special 
tests or other means of evaluating 
student achievement of the distinc- 
tive aims for the new or revised 
course? 

9* Does your new and/or revised 
course have a set of objectives 
which have been formally stated 
and to which all members teach- 
ing the course have access? 

10. Do the objectives of the nevr 
and/or revised course differ 
substantially from the objec- 
tives of the older course? 



89 94 



2 2 



81 86 13 13 0 0 



53 


56 


37 


39 


4 


4 


65 


69 


24 


25 


5 


5 



PROFESSOR OPINION AS TO mkT THE INTRODUCTORY COURSE SHOULD BE 



Response 



Description 



Number Percent 



Which of the following best represents your 
opinion of what the introductory course in 
college chemistry should be? 



1. A coiurse in chemical principles with 
descriptive chemistry serving only to 

illustrate these concepts. 74 7d 

2. A course based heavily on laboratory and 

classroom demorxstration of a phenomenon. 3 3 

3. An integrated course in physics > chemistry ^ 

and mathematics. 6 6 

4. An inventory of factual materials and 
phenomenological formulas needed for 

advanced study. 1 1 

5. Other 7 7 



a. Combination of above. 

b. A course emphasizing the ecqperimental 
and observational basis of chemical 
theories and application of these theories 
to broad topics in descriptive chemistry. 

c. A course in chemical principles^ relating 
and explaining descriptive chemistry. 

d. A course in chemical principles with 
laboratory, physics, mathematics, and 
application of principles; the goal, 

to teach the students to think creatively . 

e. Topical approach is more reasonable— but 
there are problems of texts and transfer- 
ring this from one school to another. 

Our approach is toward the topical (bond 
and structtu?e) but retaining moderate 
traditional organization. 
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OBJECTIVES Al^D ABIS OF THE INTRODUCTORY COLLEGE CHEMISTRY COURSE 



Description 



. 1. Shovf the relationship of chem- 
istry to other sciences. 

2. Help the student to under- 
stand the nature of matter 
and its transformations. 

3. Develop the ability to do 
critical thinking. 

4. Make students familiar vdth 
the facts, principles, and 
concepts of chemistry. 

5. Acquaint students \d.th new 
findings of chemistry and to 
point out their applications 
to everyday life. 

6. Help the student to discover 
v;hether he has an aptitude to 
v/ork in pure or applied science. 

7. Give students an idea of the 
importance and significance 
of chemistry in our national 
life. 

8. Development of specific 
interests, habits, and abili- 
ties which should be contri- 
buted to by all courses in 
science. 

9. Expand the interest of indi- 
vidual students by encourag- 
ing hobbies and outside 
activities v^hlch are related 
to chemistry. 

10. Develop the ability to handle 
quantitative problems (as 
they are usually treated in 
chemistry textbooks). 

11. Stimulate the desire to read 
literature pertaining to be- 
ginning chemistry and other 
scientific v/ork. 

12. Teach studenos to be precise 
in observations and expression. 



Very Some Not at all 

Important Importance Important 



No. 


•/> 


No. 


% 


No. 


% 


46 


48 


44 


46 


2 


2 


82 


87 


10 


10 


0 


0 


85 


90 


8 


8 


0 


0 


82 


87 


9 


9 


0 


0 


29 


30 


57 


60 


6 


6 


34 


36 


48 


51 


10 


10 


18 


19 


60 


63 


14 


14 


47 


50 


41 


43 


5 


5 


7 


7 


39 


41 


45 


47 


67 


71 


25 


26 


0 


0 


24 


25 


58 


61 


9 


9 


81 


86 


12 


12 


0 


0 
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OBJECTIVES AND AIMS OF THE INTRODUCTORY COLLEGE CHEMISTRY COURSE 
(Continued) 



Very Some Not at all 

Important Importance Important 

Description - - — 

No. % No. f No. % 



13. Involve a student in a scien- 
tific inquiry >diich combines 
theory and experiments in the 
solution of the problem. 

14* Provide practice and reliable 
recording of data (the acqui- 
sition and ordering of data) 
and training in how to differ- 
entiate between relevant and 
irrelevant data. 

15* Formulate, as well as answer, 
questions. 

16. Develop inteIl.ectTJal honesty 
rather than foster the search 
for the “right" answers. 

17. Tt*aln the student to analyze 
errors and to learn how to 
minimize them by making ap- 
propriate modifications in 
experimental procedure. 

18. Train the st\ident to recog- 
nize the limitations of a 
given experimental method 
and learn how such limita- 
tions may be overcome. 

19. PSTOvide the student direct 
esqperiences related to con- 
cepts expounded in the 
classroom. 

20. Demonstrate the extension of 
human sensory perception by 
appropriate instruments. 

21. Develop selected manipulatory 
skills involved in laboratory 
techniques. 

22. T6 bring the student to the. 
point where he can function 
in a scientific laboratoiy, 
or to enable him to under- 
stand the reason for the 



63 


67 


27 


28 


1 


1 


69 


73 


22 


23 


0 


0 


60 


63 


31 


32 


1 


1 


76 


82 


9 


9 


4 


4 


51 


54 


40 


42 


1 


1 


51 


54 


33 


40 


2 


2 


49 


52 


a 


43 


1 


1 


20 


21 


49 


52 


21 


22 


42 


44 


47 


50 


4 


4 
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t ) OBJilCTIVES AND kJMS OF THE INTRODUCTORY COLLEGE CHEMISTRY COURSE 

(Continued) 



Description 


Very 

Important 


Some 

Importance 


Not at all 
Important 


No. % 


No, 


% 


No. % 


existence of laboratories and 
the basis of action carried 










out by those idio vrork there, 

23. Obtain (efficiently) reliable 
data which can be applied to 
yield an answer to a meaning- 
ful question the investigator 
has proposed about the behavior 


45 47 


41 


43 


6 6 


of nature. 


43 45 


44 


46 


6 6 


24. Other 

a. To read for content, 

b. Use common sense. 


2 2 


0 


0 


0 0 



U 



MOST D4P0RTANT OBJECTIVES 








Choice 




Objective 


1 


2 


3 4 


5 Total 



1 


1 


1 


6 


2 


4 


U 


2 


23 


U 


4 


6 


2 


46 


3 


30 


11 


12 


4 


2 


59 


4 


12 


19 


11 


2 


2 


46 


5 


0 


0 


1 


2 


1 


4 


6 


0 


2 


1 


2 


4 


9 


7 


1 


0 


3 


1 


2 


7 


8 


4 


14 


1 


2 


2 


23 


9 


0 


0 


0 


0 


0 


0 


10 


2 


8 


7 


10 


6 


33 


11 


0 


0 


0 


0 


2 


2 


12 


1 


7 


13 


U 


7 


39 


13 


3 


2 


7 


2 


6 


20 


14 


0 


1 


6 


5 


4 


16 


15 


1 


2 


1 


5 


6 


15 
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\ 
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MOST IMPORTANT OBJECTIVES (Continued) 



Objective 






Choice 




• 


1 


2 


3 


4 


5 


Total 


16 


3 


5 


3 


8 


10 


29 


17 


0 


1 


2 


5 


2 


10 


18 


0 


0 


1 


1 


4 


6 


19 


0 


0 


3 


4 


4 


11 


20 


0 


0 


1 


1 


1 


3 


21 


0 


0 


0 


3 


6 


9 


22 


1 


0 


G 


3 


1 


5 


23 


1 


1 


0 


3 


3 


8 


24 


1 


0 


0 


0 


0 


1 


Order of Most Important Objectives: 3 


2 4 


12 


10 16 






EVALUATE OF INTRODUCTORY CHEMISTRy COURSE 



Number of Responses 




Method 



Number 



Spasmodic 


Periodic 


Total 


Percent 


1. Special examination. 


0 


33« 


33 


36.0 


2. Subjective observations. 


27 


7 


34 


36.0 


3. Student-completed question- 


naires. 


3 


14 


17 


18.0 


4. Discussion (faculty). 


14 


24 


3S 


a.o 


5. No evaluation. 


0 


0 


0 


0.0 


6. Other: 


a. Student feedback. 


0 


1 


1 


1.1 


b. Comparison with prior 


years. 


0 


1 


1 


1.1 


c. Success in upper division. 


0 


3 


3 


3.2 



*Most use ACS Exam. 



o 
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SUPPLKCTTARY MATERBLS, EQUIPMT, AND 1«H0D0L0GI;Y USED IN THE INTRO- 
DUCTORY COLLEGE CHEI'IISTRY COURSE 



O 



Supplementary Materials 


In Classroom Outside Class 


No. 


% 


No. 


% 


1* Study guides prepared by the 










chemistry faculty. 


16 


17 


9 


9 


2. Student personal data inventories. 


16 


17 


3 


3 


3. File of previo\is given chemistry 










tests. 


17 


18 


23 


24 


4. Bibliography of reading materials 










for students. 


5 


5 


2U 


25 


5. Study Materials: 










a. Articles. 


13 


13 


23 


24 


b. Books. 


13 


13 


39 


41 


c. Film Loops. 


13 


13 


6 


6 


d. Programmed Materials. 


4 


4 


29 


30 


e. Other 


2 


2 


0 


0 


6. Atomic and molecular models. 


66 


70 


3 


3 


7. Visual Aids: 










a. Filmstrips. 


35 


37 


3 


3 


b. Overhead projector. 


58 


61 


2 


2 


c. Opaque projector. 


17 


18 


1 


1 


d. 8 mm or 16 ram projector. 


43 


45 


0 


0 


e. Closed circuit television. 


1 


0 


0 


0 


f. Other (Specify). 


2 


2 


0 


0 


8. Paperback books available in the 










college bookstore. 


7 


7 


55 


58 


9. Videotape. 


0 


0 


1 


1 


10. Computer assisted instruction. 


2 


2 


1 


1 


11. Other 


0 


0 


1 


1 


Equipment Use 






Student 


Study of 


iiquipment. Demonstration 


Experiments 


Design 


No. 


% 


Wo. % 


Ho. % 





12. Direct reading balances. 


9 


9 


52 


55 


0 


0 


ij 


13. Gas Chromatograph. 

14. Infra-red spectrophoto- 


19 


20 


5 


5 


0 


0 


meter. 


22 


23 


3 


3 


1 


1 
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SUPPLEl-IENTARY MATERIALS, EQUIPMENT, AND I-lETHODOI/XxY USED IN THE INTRO- 
DUCTORY COLLEGE CHEMISTRY COURSE (Continued) 



Equipment Use 








Student 


Study of 


Eqtnpment Demonstration 


Ejcperiments 


Design 




No# 


% 


No# 


% 


0 

• 


% 


15 # Bausch and Lomb .Spec- 














tronic 20# 


12 


12 


26 


27 


2 


2 


16 # pH Meter# 


17 


18 


37 


39 


0 


0 


17 # Conductivity bridge# 


5 


5 


9 


9 


1 


1 


18# Polarimeter# 


8 


8 


7 


7 


0 


0 


19 # Geiger counter or scin- 














tillator# 


16 


17 


20 


21 


0 


0 


20# Paperchroraatography# 


9 


9 


16 


17 


0 


0 


21# Other: 




- 










a# Electrodeposition# 


1 


1 


0 


0 


0 


0 


b# Thin layer chromato- 














graphy# 


1 


1 


0 


0 


0 


0 


c# Ultra Violet# 


1 


1 


0 


0 


0 


0 


d# Mass spectrum# 


1 


1 


0 


0 


0 


0 


e# Isotensioscope# 


1 


1 


0 


0 


0 


0 


f# Column chromatography# 


1 


1 


0 


0 


0 


0 


Outside l^terials 








Number 


Percent 


22# Field trips, exploration trips. 


local industry. 








resource speakers (outside speakers}# 




4 




4 


23 # Chemistry club and parties# 








43 




45 


24* Other 








0 




0 


Methodology and Techniques 






Number 


Percent 



25* Demonstrations (teacher and/or students)# 

26# Panel Discussions# 

27# Team teaching and/or committee teaching# 

28# Programmed instruction# 

29# Revieif sessions and/or tutorial sessions# 

30 # Conference quizzes# 

31 # Series of quizzes, tests - objective and sub- 
jective# 



67 

4 

10 

23 

67 

9 

76 



71 

4 

10 

24 

71 

9 

80 
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SUPPIEMENTARY MATERIAIS, EQUIPMT, AND METHODOLOGI USED IN THE INTRO- 
DUCTORY COLIEGE CHEt4ISTRY COURSE (Continued) 



Methodology and Techniques 


Number 


Percent 


32. Student conferences vath faculty members. 


61 


64 


33* Regular problem assignments. 


83 


88 


34. Urge the students in class and out of class to 
use the library for other than textbook reading 


, 60 


63 


35. Require term papers on topics not adequately 
covered in textbooks or secondary sources. 


16 


17 


36 . Special topics and reports. 


6 


6 


37 . Student presentation of problems and solutions. 


14 


14 


38 . Assign research journal articles for reading. 


15 


15 


39 . Presenting the limited but useful aspects of 
“black box*' instruments. 


8 


8 


40 . Let students plan, execute, and interpret 
experiments. 


15 


15 


41* Using *'open-ended'' experiments. 


15 


15 


42 . Devise experiments so that original sources 
must be consulted. 


25 


26 


43 . Using some laboratory experiments which "stand 
on their own feet", i.e., experiments which 
are not dependent on materials discussed in 
the classroom. 


5 


5 


44 . Using simple "mock-up" rather than complex 
apparatus to concentrate the student’s atten- 
tion on ideas rather than manipulation. 


45 


47 


45 . Other: Student committees on special topics 

such as Nuclear Chemistry, etc. 


1 


1 


FACTORS THAT REDUCE INTEREST IN THE INTRODUCTORY CHEMISTRY COURSE 


Statement 


Number 


Percent 



!• Topics are unrelated to student interest, 41 

2. Too much theoiy* 30 

3. Not enough laboratory 'work, 9 

4. Insufficient or inadequate laboratory equipment. 25 

5. Lack of library facilities. 4 

6. Not enough individual work. 2o 

7. Too much memory work. 29 

8. Subject too formally presented. 17 

9. Instructor teaching too many subjects or 

students. 20 



43 

31 

9 

26 

4 

27 

30 

18 

21 



o 
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> FACTORS THAT REDUCE INTEREST IN THE INTRODUCTORY CHEMISTRY COURSE (Con- 

tinued ) 



Statement 



Number Percent 




10. Facts taught as ends (products) of science 

rather than a means (processes) of science. 23 24 

11. Too much teacher dependence on textbook. 16 17 

12. Too much telling - too much teacher domina- 
tion. 23 24 

13* Failure of instructor to clarifir a general 

principle. 17 18 

14* Failure to use "practical tangibles" in 

place of "textbook tangibles." 20 21 

15. Too little faculty time - too involved in 

research or other activities. 22 23 

16. Poor instruction by graduate assistants. 8 8 

17. Other: 11 n 



a. Lack of teacher enthusiasm; failure to 
show importance in modem America. 

b. Too demanding: lowers grade point average. 

c. Students vri.th poor study habits fall 
behind and despair. 

d. There is a vdde gap between the analytical 
approach in college (and diill teachers or 
just call them "uncommitted") and descrip- 
tive presentation in high school. 

e* Weakness of effort on student *s part 
(afraid of failing). 

f. Course size - professors could not give 
as much personal attention to students 
as they presently get. 

g. Laboratory VTOrk that is "mickey mouse" 

(two responses). 

h. Poor teaching: (l) lack of love for subject. 

(2) lack of love for students. 

i. Too many too poor students. 
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ADDITimL C0I#IENTS BY THE RESPONDENTS: 

"Just a few thoughts: (l) The teachers (in college) are trained 

to do research. Are they also trained to teach? (2) As to teaching 
versus research, a more pertinent comparison could be: creative (teach- 

ing or research) versus routine (teaching or research). This could 
involve everyone from vjriters to cafeteria staff, (3) Those who treat 
the bodies of young people (the medical doctors) and those viio represent, 
protect and manage their legal rights (lav;yers) have to have a graduate 
degree and further examination. Those vdio manipulate their minds in 
colleges need only a graduate degree. It is just my suggestion to 
require additional examinations, but the lack of criteria in establish- 
ing and evaluating the teachers competence and performance cannot make 
the survey of college teaching as complete as it would be desirable," 

"Above all, we need college chemistry teachers whose first interest 
is teaching. Research interests too fi*equently dominate faculty interest, 
ingenuity, and time," 

"There is a need to revise o\ir vdiole chemistry cmrriculum — e,g,, 
how much and what year qualitative and quantitative analysis, how much 
instrumental analysis j instruments change, become more sophisticated — 
is it necessary to teach their use in undergraduate chemistry?" 

"I would favor equipment that is simple enough so that the tech- 
nical construction would not detract the students from the principles 
of operation. The further development of inexpensive, simple modular 
eq^pment by manufacturers would be appreciated," 
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msoijs FOR CHANGING THE INTRODUCTORY COLLEGE CHEMISTRY COURSE 



Statements 


Number 


Percent 


a. The availability of more equipiment and more 
modem equipment for laboratory and instruc- 






tional use. 


54 


57 


b. Impact of CBA, CHEMS, ESSC courses. 


42 


44 


c. The number of chemistry majors is diminishing, 

d. Theories of chemistry are constantly develop- 


23 


24 


ing. 

e. Advent of general chemistry textbooks with a 


43 


45 


change in emphasis. 

f. Flood of new information appearing in the 


3B 


40 


pheraical literatiire. 

g. Large number of students beginning the study 
of introductory college chemistry and the 
fact that many of these students are better 
prepared in terms of high school chemistry 


19 


20 


and/or mathematics. 


50 


52 


h. Other 

1. Preparation of entering ft*eshmen. 

2. Students need a change of pace; CBA, CHEi© 
have skimmed off the cream of the crop. 


2 


2 


ITEMS THAT SHOULD BE DEVELOPED TO BIPROVE TEACHING OF INTRODUCTORY 
COLLEGE CHEICIBTRY 


Very 


Scmie 


Not at all 


Important 

Statements 


Importance 


Important 


No. % 


No. . % 


No. % 



A. The development of test-like 
Instruments for discovering 
the particular needs and inter- 
ests of students and the selec- 
tion of contents and teaching 
procedures to meet those needs 

and interests. 30 31 39 41 20 21 

B. The preparation of tests de- 
signed to measure the achieve- 
ment of students vdth respect 



o 
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ITEMS THAT SHOULD BE DEVELOPED TO IMPROVE TEACHBia OF INTRODUCTORY 
COLLEGE CHEMISTRY (Continued) 



Statements 



Very Some Not at All 

Important Importance Important 



No. % No. % No. % 




to certain aims not now spe- 
cifically tested such as undex^ 
standing the processes or meth- 
ods of chemistry as well as the 
content and the ability to do 
critical thinking. 

C. The retraining of those people 
already engaged in the teaching 
of the introductory college 
course in che&uwtry to meot the 
current trend in science teach- 
ing. 

D. A revolution in attitudes and 
methods of teaching (the search 
for fjresh and flexible teaching 
techniques) and in the methods 
of educating college teachers 
of chemistry. 

X. A shift from the traditional 
emphasis of stressing the facts 
and products of the discipline 
of chemistry to the teaching of 
the processes of chemistry 
idiich will be valuable in all 
learning long after the facts 
are forgotten. 

F. Other 

(1) Change high school courses 
so that they teach a few 
areas well^ i.e., atomic 
structure^ gas laws^ acid 
base theory^ and leave all 
else to college couraes. 



52 55 30 31 4 4 



31 32 39 41 17 18 



47 50 32 34 11 11 



70 74 14 U 6 6 



1 1 0 0 0 0 
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EAVf DATA OS T-TI5ST SCOHES 
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RAW DATA C*J T-TEST SCORES • 



o 



Table and 



ttean 



Standard Deviation 



Statement — 
Univ. 



15- A a .512 

b .134 
c .732 
d .854 
e .115 
t .268 

16- A 1 1.683 

2 1.451 

3 1.890 

4 1.695 

5 1.720 

6 2.390 

20- A 1 .646 

2 .646 

3 .524 

4 .659 

5 .305 

6 .756 

7 .854 

8 .183 

9 .402 

10 .415 

21- A a .890 

b .110 

c .195 

d .195 

e .012 

f .012 

g .049 

h .780 

i .695 

i .720 

k .671 

1 .098 

23-A a .671 

b .268 

c .121 

d .232 

e .524 

f .085 



Xt# A« 


J.C. 


.636 


.683 


.909 


.732 


.364 


.341 


.909 


.000 


.584 


.609 


.442 


.171 


1.689 


1.390 


1.403 


1.366 


1.974 


1.927 


1.584 


1.586 


1.689 


1.659 


2.404 


2.805 


.753 


.603 


.623 


.609 


.571 


.366 


.610 


.659 


.403 


.585 


.688 


.634 


.779 


.746 


.247 


.365 


.532 


.610 


.364 


.512 


.935 


.927 


.420 


.220 


.116 


.171 


.169 


.121 


.013 


.000 


.026 


.487 


.091 


.220 


.922 


.780 


.831 


.780 


.831 


.780 


.714 


.707 


.909 


.220 


.345 


.585 


.338 


.244 


.U3 


.293 


.364 


.244 


.481 


.537 


.039 


.073 



Spec. Univ. 



.583 


.503 


.167 


.343 


.833 


.306 


.000 


.281 


.100 


.144 


.833 


.446 


1.833 


.701 


1.500 


.669 


2.083 


.332 


1.667 


.101 


2.333 


.920 


2.333 


.885 


.833 


.596 


.500 


.506 


.667 


.549 


.417 


.652 


.333 


.602 


.333 


.432 


.767 


.322 


.230 


.447 


.583 


.563 


.333 


.647 


.917 


.3U 


.250 


.314 


.167 


.398 


.250 


.398 


.000 


.110 


.000 


.110 


.000 


.216 


.916 


.a6 


.833 


.463 


.833 


.452 


.750 


.473 


.833 


.296 


.917 


.315 


.250 


.315 


.166 


.399 


.250 


.399 


.000 


.UO 


.000 


.110 



Xi« A • 


J.C. 


Spec 


.434 


.471 


.515 


.289 


.264 


.389 


.667 


.656 


.289 


.289 


.000 


.000 


.978 


.997 


.U3 


.500 


.381 


.289 


.831 


.666 


.669 


.712 


.698 


.718 


.903 


.906 


.798 


.978 


.948 


.793 


.977 


.965 


.985 


.799 


.601 


.651 


.566 


.521 


.937 


.539 


.542 


.522 


.524 


.488 


.651 


.610 


.530 


.515 


.591 


.631 


.651 


.494 


.623 


.492 


.315 


.358 


.389 


.467 


.381 


.452 


.598 


.542 


.515 


.536 


.675 


.492 


.248 


.263 


.239 


.352 


.W9 


.452 


.323 


.381 


.389 


.377 


.331 


.452 


.114 


.000 


.000 


.160 


.218 


.000 


.289 


.419 


.000 


.269 


.419 


.289 


.377 


.a9 


.389 


.377 


.419 


.389 


.455 


.461 


.452 


.299 


.690 


.289 


.501 


.264 


.289 


.4V6 


.419 


.453 


.352 


.381 


.389 


.484 


.331 


.452 


.503 


.000 


.000 


.194 


.208 


.000 






305 




J 



1 



% 
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( / RAVf DATA 03 T-TBST SCORES ■ 



Mean Standard Deviation 



Table and 



Statement 


Iftiiv. 


L.A. 


J.C. 


Spec. 


Uhiv. 


L.A. 


J.C. 


Spec. 


23-A 


g 


.378 


.494 


.3/0. 


.000 


.217 


.303 


.419 


.000 




h 


.585 


.636 


.683 


.917 


.416 


.484 


.419 


.289 




i 


.146 


.129 


.146 


.083 


.463 


.338 


.419 


.389 


26-A 


1 


• 646 


.753 


1.341 


.833 


.595 


.566 


.521 


.937 




2 


.646 


.623 


1.073 


.500 


.549 


.524 


.488 


.651 




3 


.524 


.571 


1.024 


.667 


.549 


.524 


.488 


.515 




4 


.659 


.610 


1.073 


.416 


.652 


.610 


.529 


.515 




5 


.305 


.403 


1.586 


.333 


.002 


.590 


.631 


.651 




6 


.756 


.688 


1.707 


.333 


.432 


.494 


.623 


.492 




7 


.085 


.078 


1.561 


.167 


.322 


.315 


.358 


.389 




8 


.183 


.247 


1.488 


.250 


.448 


.463 


.581 


.452 




9 


.402 


.532 


2.073 


.583 


.563 


.598 


.542 


.515 




10 


.415 


.364 


1.073 


.333 


.647 


.536 


.675 


.492 




11 


1.829 


2.091 


1.463 


1.833 


1.570 


1.624 


1.112 


X. 586 




12 


1.476 


1.545 


1.073 


1.250 


.593 


.619 


.480 


.452 




13 


1.037 


1.078 


1.219 


1.000 


.292 


.315 


.264 


.000 




14 


1.073 


1.052 


1.146 


1.000 


.344 


.223 


.156 


.000 




15 


1.085 


1.078 


1.390 


1.333 


.358 


.270 


.264 


.493 




16 


1.671 


1.727 


1.121 


1.833 


.568 


.504 


.547 


.577 




17 


1.732 


1.767 


1.363 


2.000 


.668 


.626 


.642 


.738 




18 


1.866 


1.857 


1*244 


1.833 


.643 


.601 


.634 


.718 




19 


1.439 


1.597 


1.414 


1.333 


.611 


.748 


.553 


.492 




20 


2.354 


2.402 


1.634 


2.417 


.674 


.391 


.519 


.669 




21 


1.170 


1.182 


1.341 


1.250 


.466 


.388 


.345 


.452 




22 


1.732 


1.766 


1.414 


1.583 


.629 


.535 


.595 


.515 




23 


1.109 


1.091 


1.313 


1.000 


.416 


.289 


.264 


.000 




24 


1.341 


1.286 


.000 


1.083 


.526 


.535 


.419 


.289 


35-A 


1 


.024 


.753 


.854 


.833 


.155 


.566 


.358 


.389 




2 


.366 


.623 


.024 


.000 


.484 


.539 


.156 


.000 




3 


.305 


.571 


.073 


.250 


.463 


.524 


.263 


.452 




4 


.280 


.610 


.220 


.083 


.452 


.610 


.419 


.288 




5 


.195 


.402 


.756 


.750 


.398 


.591 


.434 


.452 




6 


.232 


.683 


.171 


.000 


.425 


.494 


.380 


.000 




7 


.110 


.078 


.902 


.833 


.315 


.315 


.300 


.389 




8 


.280 


.247 


.756 


.750 


.452 


.463 


.434 


.452 




9 


.158 


.532 


.975 


.833 


.367 


.598 


.156 


.389 




10 


.122 


.364 


.707 


.667 


.329 


.162 


.460 


.492 




11 


.159 


.209 


.146 


.083 


.367 


.619 


.357 


.289 




12 


.268 


.155 


.220 


.083 


.446 


.315 


.419 


.289 




13 


.256 


.103 


.220 


.250 


.439 


.223 


.419 


.452 




U 


.512 


.105 


.098 


.000 


.503 


.270 


.300 


.000 




15 


.354 


.103 


.073 


.167 


.481 


.504 


.264 


.389 
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( ) RAV/ DATA ON T-TEST SCORES - 







Mean 






Standard Deviation 




Table and 
Statement 


















l&iiv. 


L.A. 


J.C. 


Spec. 


Iftiiv. 


L.A. 


J.C. 


Spec 




35-A 16 


.231 


.173 


.146 


.250 


.424 


.626 


.357 


.452 


17 


.500 


.177 


.219 


.333 


.503 


.601 


.419 


.492 


le 


.378 


.186 


.171 


.083 


.488 


.748 


.380 


.289 


19 


.256 


.160 


.561 


.583 


.439 


.590 


.502 


.515 


20 


.439 


.240 


.268 


.083 


.499 


.388 


.449 


.289 


21 


.122 


.118 


.000 


.000 


.329 


.535 


.000 


.000 


38— A a 


.512 


.207 


.756 


.416 


.503 


.403 


•111 


.514 


b 


.354 


.545 


.244 


.167 


.481 


.501 


.434 


.389 


c 


.232 


.429 


.292 


.083 


.425 


.498 


.460 


.289 


d 


.500 


.234 


.512 


.583 


.503 


.426 


.506 


.515 


e 


.378 


.623 


.312 


.417 


•4-88 


.488 


.506 


.515 


f 


.256 


.532 


.317 


.167 


.439 


.502 


.471 


.389 


g 


.439 


.260 


.439 


.250 


.499 


•441 


.502 


.452 


39-A 1 


.537 


.532 


.363 


.667 


.502 


.502 


.488 


.492 


2 


.366 


.312 


.414 


.333 


.404 


.406 


.499 


.492 


3 


.048 


.130 


.244 


.167 


.217 


.338 


.435 


.389 


4 


.317 


.273 


.293 


.250 


•468 


.448 


•461 


.452 


5 


.243 


.065 


.146 


.083 


.155 


.248 


.357 


.289 


6 


.365 


.286 


.341 


.083 


.485 


.454 


.480 


.289 


7 


.304 


.376 


.366 


.417 


.463 


•488 


.488 


.515 


8 


.280 


•246 


.293 


.417 


.452 


.434 


.460 


.515 


9 


.195 


.33s 


•244 


.333 


.398 


.476 


.434 


.492 


10 


.232 


.220 


.220 


.230 


.425 


.417 


.419 


.452 


11 


.UO 


.208 


.293 


.333 


.315 


.408 


.461 


.492 


12 


.280 


.312 


.439 


.250 


.452 


.486 


.302 


.452 


13 


.158 


.221 


.146 


.250 


.367 


.417 


.358 


.452 


U 


.122 


.234 


.195 


.333 


.329 


.426 


.401 


.492 


15 


.158 


.130 


.220 


.333 


.367 


.338 


./il9 


.492 


16 


.268 


.649 


.122 


.250 


.445 


.248 


.331 


.452 


17 


.256 


.208 


.293 


.333 


.439 


.408 


.401 


.289 


Al-A A 


1.926 


1.779 


1.951 


1.583 


.979 


.926 


.740 


.900 


B 


1.537 


1.364 


1.220 


1.333 


.878 


.793 


.725 


.778 


C 


1.671 


1.480 


1.195 


1.167 


.917 


.771 


.679 


.718 


D 


1.488 


1.338 


1.439 


1.333 


.850 


.699 


.776 


.651 


E 


1.268 


1.312 


1.170 


1.417 


.817 


.748 


.667 


.900 
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APPEWDIX F 

TEXTBOOKS AM) SYSTEMS APPROACH 

o 



u 



ERiC 



o 



TEXTBOOKS AND SYSTEJ4S APPROACH 



The interested reader is referred to an article entitled "Chemical 
Publishers Push Teaching Aids" for a review of the best-selling general 
chemistry textbooks and a discussion of the systems of "package" approach 
to teaching freshman chemistry. The systems approach is designed to fill 
a need of the sorely pressed and harried teacher of general chemistry who 
needs teaching aids to supplement the textbook. Some of the best-selling 
general chemistry textbooks were listed as follows:* 




Author (s) 

M, A, Sienko and R, A, Plane 
C, E, Mortimer 
H, P, Gray and G, P, Haight 
C, H, Sorum 

R, Johnson and E, Grunwald 
C, W, Keenman and J, H, Wood 
J, Quagliano 



Publisher 

McGraw Hill (two textbooks) 

Reinhold 

W, A, Benjamin 

Prentice-Hall 

Prentice-Hall 

Harper and Row 

Pi*entice-Hall 



Dissatisfaction >/ith the laboratory in freshman chemistry as shown 
by an unpublished survey by Harper and Row in 196? spurred them to develop 
series of laboratory "separates," This series will consist of separate 
laboratory experiments in general chemistry, each written and tested by 
college and university chemistry professors. 



*Not listed according to sale. 

M 

"Chemical Publishers Push Teaching Aids," Chemical and Engineering 
News , 46 , August 19, 1968, pp, 32-35* 
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// JOB 315 

// FOR DODSON 

•»IOCsai32 PRINTER* CARD »DI SK*T YPEWR I TER *KEYBOARD ) 

^'JONE WORD INTECjERS 

BROWN DODSON PROGRAM STD*MEAN* CORR MATRIC 
DEFINE FILE 1 ( 2AO *320 »U*NX) 

DT'^ENSION XIMP( 160 ) »LCT 1 10 ) * TEMP (10*8) *1(8) >DAT (212*8) 

1*X(212*8)* C(8*8)*SX(8)*STD(8) 

EQUIVALENCE ( DAT ( 2 12 * 8 ) * X ( 2 12 * 8 ) ) 

K=8 

C CHANGE NYZ TO EQUAL THE NO OF VARR. YOU HAVE 
C FORMAT 2 MUST FIT YOUR DATA 
NX=1 
• NXX=1 
NZZ=1 
NYZ=116 

3 READ(2*2) (XIMP(IZ) *IZ=:1*NYZ) 

2 format (3X*F1.0>FA.O>F1.0*5F2«0*AX*F1.0*5F2*0*A1F1.0/3X*F2.0»29F1#0 

1 *3X*2AF1.0*5F2.0*Fl*0*F1.0///) 

WRITE! 1' NX )XIMP 
CALL LCARD(LA) 

GO TO (3*4)*LA 
A M=NX-1 

XN=iN 

5 WRITE(1*7)N 

7 FORMAT (12* 'CARDS HAVE BEEN READ '//'TYPE THE 8 VAR. NO YOU WANT COR 
1R.(I3) *) 

CALL DATSW(7*ND) 

GO TO (500*601) *ND 
601 READ(6*8) (L(MM) *VM=1*8) 

8 FORMAT! 13) 

600 DO 9 JX=--1*N 

READ! 1 ' JX)XIM.P 
DO 109J:=1*M 
LA=L(J) 

X( JX* J)=XIMP(LA) 

109 DAT! JX*J)=XIMP(LA) 

9 CONTINUE 

CALL DATSW !A*ND) 

GO TO (378*877) *ND 
377 WRITE(3,60) L 

60 FORMAY!1HO»1X*'VARR' * 8113) 

873 GO TO 100 ; I 

1001 CALL DATSW (6*MD) 

GO TO (300*201) *N0 ’ 

300 WRITE(3*61) L 

61 FORMAT! IMO *40 X* 'FREQUENCY D I STR I BUT I ON ' //IX * ' VARR ' *8113). 

DO 42 K=1*M 

DO 40 J=l*10 

40 LCT(J)=0 

DO 41 J=1*N 
IP=DAT( J*K)+1.5 
IF( IP--10 )41 *400 *-400 
400 IP=10 

41 LCT! IP)=LCT( IP)+1 
DO 62 J=l*10 

62 TEMP(J*K) «LCT(J) 

42 CONTINUE 

DO 63 J=l*10 
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JJ=J-1 

WRITEOfS*;) JJ> (TEMP(J»K)i K«1>0) 

65 F0RN'AT(1H0»1X» lAiGFlStO) 

DO 6^ KK=liM 

6A TEMP( J>KK) = TE‘V.p( j,k:<) / XN 

63 WRITE(3»66) (TEMP( JtMiN) >.\N-1>3) 

66 FORMAT QH » 1 X »» PERCENT •> 1 X i fiF13 . 2 ) 

301 CALL DATSW (7»ND) 

GO TO (500»302)>ND 

500 IF(i\XX-NY7.)513»5t5 

513 NXZ« NXX 
INDX=2 

NZZ = NZ7.+ (y-l ) 

IF (NZZ-i\YZ) 511#511»510 

510 L(1)=NXZ 
^lXX=NX2+l 
NCONTs^.NZZ-IM-Z) 

DO 502 II=MCONT>N'YZ 
Ln.NDX)nI I 
502 INDX«INDX+1 

NZZ=iNXX 

IF(N:ZZ-.NYZ)600>3C2>302 

511 L(1)=NXZ 
NC0NT=MZZ*-(M-2) 

DO 512 II«MCONT>NZZ 
LUNOXI-II 

512 INDX=INDX+1 
GO TO 600 

302 CALL DATSW (8»ICK) 

GO TO (29f600)>IC< 

29 CALL EXIT 

100 CALL DATSWdfND) 

GO TO (1A>16) >ND 

14 WRITE(1>15) 

15 FORMAT! 'DATSW 1 CYCLES ' /6X »• 2 SUN*.X'/6X# *3 STD'/ 6X»»4 C 

lORR MATRIC/6X, »5 Means'/6X'6 SUVX^^^?'2 AND SUM XS^Y*/ 6X>'7 AUTO^ATI 
3C'/6Xi'S ON AND 7 OFF V'ILL TERMINATE THE PROGRAM « /6X »* 9 WILL TAKE 
4 THE PROGRAM OUT OF AUTOMATIC'/ 6X» 'SET DATSV/S AND PUSH START') 

PAUSE 2222 

16 MM=0 
XN = N 

DO 1 IT-^lfM 
SX(IT)=0.0 
DO 1 J=1>N 

1 SX(IT)=^SXnT)+X(J>IT) 

DO 51IT=1»M 
LIT=IT 

• DO 51J==LITfM 
C(IT>J;~0.0 
DO 51K=1>N 

51 C( ITj J)=CUTj J)+X(K»IT)i^*X!K>J) 

DO 6 IF=1»M 

FACI= XNl-^cnF>IF)“SX!lF)^^^«-2 

IP=IF+1 

DO 6 J=-*IPfM 

6 . C( IF> J) = (XN’^CUFj J)-SX ( IF )^'^SX( J) ) /SORT! ! XN-"C U i J ) -SX U ) ^'^••"*2 ) -«FAC I ) 
CALL DATSW(2»MD) 

GO TO (69>63 ) »MD 
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69 

1 °. 

31 

91 

101 
• 85 

90 



93 

82 

70 

22 

701 



821 

322 

819 

25 

811 

71 

72 

76 

75 

73 

77 

78 
* 



999 

350 

79 



MMa.Vy,+ l 

WRITF.(3,10) SX 

FORMATUHOf IX » ' SUMX ' » 2X > 3(F13*7» IX)) 

CALL 0ATS’V(3».\D) 

60 TO (81»85) ».ND 

DO 91K==1»M , 

STD ( .< ) =SQRT ( ( C ( < > K ) /X»\ ) - ( SX ( K ) /XN ) **2 ) 

WRITE(3»101) STD 

FORMATdH 1X»»STD ‘»3F13.3) 

CALL DATS'.*/ (5»nD) 

60 TO (90»32)»ND 
N'.Ms.MM+l 

WRITE(3>93) (C(J,J) » J=1>M) 

format (IH >1X,»SUMSQ' > IX > 8 ( F13. 7 » IX) ) 

CALL DATSW (4,ND) 

60 TO (70>71 ) »ND 

,V|VaM,V.+ l 

WRITE(3#22)L 

FCRMAT(1H0>15X, • I N T E R C 0 R R M A T R I 
DO 701IAP=1»M 
C( IAP> IAP)=1.0 
N2-0 

CALL 0ATSV/(7>i\D) 

60 TO (821>819) >.\'D 
V.'RITE(3,S22) ( C ( 1 > J ) > J= 1 >M ) 
FORMAT(1HO,16X,8(E10.3>3X) ) 

60 TO 71 
DO ail IXT=1,M 
|MZ = MZ+1 

F 0 R M A T ( 1 H 0 , 1 X > 1 6 , 9 X > 8 ( F 1 0 • 5 > 3 X ) ) 
WRITE(3>25)L(\Z) » (C ( J» I XT ) » J=* 1 » iNZ ) 

CALL 0ATSW(5>.ND) 

60 TO (72>73 ) >ND 

DO 76 Is:l>M 
STD(I )=SXn )/XN 
V.'RITE(3>75) STD 

format ( IHO > 1 X > • MEANS '>?X>3F13.3) 

IF (Mf/)77,77,79 
V.RITE(1,73) 

FORMAT! ‘TURN ON DATA SWITCH 1 AND PUSH START' 
PAUSE 3333 

CALL DATSW (9, MOVER) 

60 TO (999>5 ) jMCVER 
CALL DATSW (1>ND) 

GO TO (350>79) ,MD 
GO TO 100 
GO TO 1001 
END 



t I 




C >//8X,8(2X>Ill) ) 



// XEO 
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// JOB 
// FOR 



*IOCS(U32 PRINTER. CARD. TYPEWRITER . KEYBOARD) 

*ONE WORD INTEGERS 

*■» DODSON T SCORES 

DIMENSION XTOTISOO). YTOTCiOO). STDAI 500 ) .STObI 500 1 

l.X(SOO) 



1000 NVAR=?.07 

XNA=0.0 



X N B *• 0 • 0 
DO X Jt=l,IMVAR 
XTOT(J)=0.0 
YTOT( J):=0.0 
STDA( J^"0.0 

1 STDB(J):=0*0 

10 READ (2, 2) UrO »<=1»WAR) 

2 FORMAT (3Xf FI *0 »F4 »0 »F1 *0 > 5F2*0 »/fX »F1 *0 f 5F2 *0>/i.lFl *0/3X»F2 »0 >29F1 *0 
X »3X»24FX*0»5F2,0»F1.0,FX«0/3X»30Fl,0,F2i0f23F1.0/3X»17F1.0>9X>QFX. 
20>2X»6FX •0»6X>X9X»6FX.0/) 

C LOAD GROUPS ONE AT A TI.MH 
C FORVAT 2 MUST FIT YOUR DATA CAROS 
C RVAR MUST EQUAL THE NO OF VARIABLES 
XNA=XiNA+X.O 
DO 3 J=X».NVAR 
XTOT( J) = XTOT( J)^•X{ J) 

3 STDA( J)nSTDA( J)+Xi 
CALL LCARO(NXN) 

60 TO aO»A)>,NXN 

4 WRITEtX,5) 

5 FORMATS 'RUN OUT CARDS AND LOAD HOPPER '.-^ITH SECOND GROUP') 

PAUSE 

6 READ(2»2) ( X ( K ) ».<=X »NVAR ) 

XNR = X.NB+1.0 



DO 7 J=X»iNVAR 
YT0T( J)=YT0T{ J)+X( J) 

7 STDS(J)= STD13( J)+XU)**2 

CALL LCARD(,NX) 

GO TO (6»9) »NX 
9 WRITE(3»200) X.NA»X.NB 

200 FORMAT { IfiX »4X» 'GROUPQ) iN='»F10#0/ 4X i 'GR0UP{2) ,N='» FX0«0// 

X1X> 'VARIABLE'! 5X> ' SUM( 1 ) ' » 4X » ' SUM ( 2 ) ' i 4X» 'MEAN GR{1)»> 4) 

2 4X»'MEAN GR{2)', 4X»'STD GR(1)', 5X» 'STD GR { 2 ) ' » 5X » ' T SCORcS'i/) 

DO XX K^1»:NVAR 



XX 

XOO 

XOl 



XOOl 



STDAS=-*SQRT( { ( XNA-:i*STDA ( X ) -XTOT ( !0 ) /XNA*^-2 ) XNA/ ( XM4-1 .0 ) ) ) 

STDBS^SQRT ( ( ( XNB':<*STD3 ( K ) - YTOT ( .< ) ^^-^2 ) /XfUi-«*^*2 ) ( XNB/ ( XMB-l • 0 ) ) ) 
XAV-=XT0T(;<)/XNA 
YAV=YT0T(K)/XNS 

SIGMA=SQRT( ( X.NA^JSTDAS*-JJ2+X)NB-J^STDBS »^:-2 ) / ( XMA+XiNB«2 • 0 ) ) 

TSC= ( XAV«YAV ) / ( S I GMA-^SQR.T ( 1 . 0/X.NA+l . 0/XNB ) ) 



WRITE(3»100)K» XTOT(K), YTOT{K)» XAV,YAV» STDAS ♦ STDBS , TSC 
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Introductory College Chenistry 



IDENTIFIERS * 

Teaching Methodology 

ABSTRACT ^ 

Scope and Method of Study: The survey was conducted to deteimine the current ob- 

jectives, teaching methods and teaching materials currently used in tea<^iing 
introductory college chemist^ in accredited institutions of higher education 
^ the continental United States. The materials us^ in the' survey are chlelly 
(1) a questionnaire and (2) journal periodicals. Including Advisory Council on 
College Chemistry publications. 

Findings and Conclusions: The literature revicv^r, inclusive in the survey, revealec 

as many sets of course objectives as there are educators teaching first-year 
college chemistry; the survey, however, found agreement on six general objec- 
tives; (1) to develop the ability to do critical thinking, (2) to make the 
students familiar with the facts, principles, and concepts of chemistiy, ( 3 ) to 
help the student understand the natxire of matter and its transformation, (4) tc 
develop the ability to handle quantitative problems, (5) to develop intellects 
honesty rather than foster the search for the “right" answer, and (6) to teach 
students to bo precise in observation and expression. With respect to teachinf 
methodology and teaching materials, the following profile is constructed from 
the survey data: (l) colleges are not using the modem teaching aids and ma- 

terials recommended by the Advisory Council on College Chemistiy, (2) the intrc 

course is in the midst of a revolution, ( 3 ) no one knows the nature of 
the fxrst ye^ course at this time, (4) there is some emphasis upon cooperatior 
between disciplines, and ( 5 ) the evidence is far from conclusive that the pro- 
fessional educatem know what they are doing in introductory college chemistry. 



